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Introduction

Prostate cancer is the second leading cause of cancer death among American men. Medical
treatment for metastatic prostate cancer has relied heavily on androgen ablation. However, most
patients treated by androgen ablation ultimately relapse to more aggressive androgen-
independent cancer with no means to cure. The mechanism(s) involved in androgen-independent
progression of prostate cancer is(are) not fully known, but if it were better understood, perhaps
new therapies or existing ones could be used to better control prostate cancer cells. Many
theories regarding the mechanism(s) for androgen-independent progression of prostate cancer
have emerged, but lacking is convincing evidence to support any one of these hypotheses as the
definitive mechanism. Clinically, nearly all prostate cancers retain a functional androgen
receptor (AR) signaling pathway. Current evidence favors a model where activation of
intracellular signal transduction pathways that stimulate the AR in the absence of ligand or in the
presence of androgen antagonist. A recent report demonstrated that disruption of the androgen
receptor function suppresses cellular proliferation of both androgen-dependent and -independent
prostate cancer cells in an in vitro cell-based assay. Thus, it may be more clinically relevant to
shift the therapeutic target from androgen to its receptor, the androgen receptor. To this end, it is
extremely critical and urgent to determine if the androgen receptor is essential in androgen-
independent progression of prostate cancer cells in vivo. The proposed studies would seek to
answer the question of whether the AR signaling is essential for prostate cancer progression
despite androgen deprivation. By studying what will happen if constitutively knocking down the
AR expression or insight into the mechanism of androgen-independent prostate cancer will be
gained. The newly developed RNAi approach gives us a powerful tool to knock down gene
expression of interest per se, for example, the AR gene. The RNAi approach will determine the
essential need of the AR signaling for prostate cancer cells to proliferate independent of
androgen. In our preliminary studies, we found that AR siRNA against human AR gene knocked
down AR protein expression in both androgen-sensitive LNCaP and androgen-insensitive PC-
3/AR cells. Also, cell growth and survival were dramatically reduced after AR siRNA
transfection (as shown in Appendix I).

The objective of this proposal is to determine if AR gene silencing in prostate cancer cells via
RNA interference mechanism leads to disruption of androgen-independent progression. We plan
to accomplish the objective of this application by pursuing the following specific aims:

(1): Generation of a recombinant AAV for long-term expression of a hairpin-structured AR
siRNA in vivo.

(2): Determination of the essential role of the androgen receptor in androgen-independent growth
of prostate cancer.



We will generate a recombinant adeno-associate virus (rAAV) for expressing the AR siRNA
hairpin in a prostate cancer xenograft of animal model. Then, we will use the resultant rAAV to
inject into prostate cancer xenograft established in nude mouse to determine the effect of AR
gene silencing on androgen-independent growth of prostate cancer.

Report Body

The tasks for the first year of grant support were to generate a recombinant AAV for the AR
siRNA hairpin expression (Months 1-6) and then to evaluate the efficiency of the resultant
rAAV.ARHPS8 for AR gene silencing (Months 7-12). In the second (past, Months 13-24) year,
we have accomplished all the tasks for the period as described in the Statement of Work (SOW)
of the proposal.

1. Determination of proper viral dosage for knocking down AR expression in xenograft

We first determined a proper dose for efficient distribution and knockdown AR expression in
xenograft tumors, which was generated in nude mice using prostate cancer cell line PC-3AR.
This cell line was described in our recent publication (Ref. 1). A total of 2.0 x 10° viable cells, as
determined by trypan blue exclusion, was resuspended in RPMI-1640/10% fetal bovine serum
(FBS) mixed with a 4:1 v/v ratio of MatriGel™ (Catalog#356237, BD Bioscience) vs cells and
then injected subcutaneously (27-gauge needle, 1-ml disposable syringe, total volume 0.1 ml/site
at 2 sites per mouse) into the rear flank of six-week old athymic male mice (Balb/c, Charles
River Laboratories). Four weeks later when the tumor was palpable (around 50 mm? in size), 7
different doses (log-dilution, 5 x 10° - 5 x 10° viral particles in 10 ul total volume) of the
recombinant rAAV.ARHPS produced during the first year of work was injected into the tumor
(multiple sites per tumor). In addition, two other animals received control virus rAAV.GFP (2 x
10° viral particles in 10 ul) or 10 ul PBS as the negative controls. One week later, xenograft
tumors were harvested and frozen sections were viewed for GFP expression under fluorescent
microscopy. The intensity of GFP expression was gradually increased along with increasing
dosage of the AAV.ARHPS particles injected. No GFP expression was observed in PBS-injected
xenograft section. Furthermore, Western blot results showed a consistent pattern in GFP protein
levels (Fig 1, middle row in lower panel). Figures are listed in the end of this report.

In addition, we checked AR mRNA and protein levels after extracting total RNAs and proteins
from xenograft specimens. As shown in Fig 1, the AR mRNA (RT-PCR) and protein levels
(western blot) did not change in AAV.GFP virus-injected xenograft compared to the PBS control.
However, AAV.ARHPS virus-injected xenogarfts lost the AR expression in a virus-dosage-
dependent manner. The peak effect was seen at the virus dose of 5 x 10° particles per 100 mm”.
Thereafter, we used this dose level for the following experiments.

2. AAV.ARHPS suppresses androgen-dependent tumor growth of LNCaP xenografts

We used the androgen-dependent prostate cancer LNCaP cell line to test if the AR is essential
for tumor relapse after castration in xenograft experiments. LNCaP cells have an androgen-
independent relapse phenotype after a short arresting period caused by castration (Ref. 2).
Exponential growing LNCaP cells were inoculated into nude mice as described above and
allowed to establish xenografts for 4-6 week. Once xenografts were palpable, animals were
divided into two groups to receive bilateral castration or sham operation, respectively. One day
after operation, we injected the AAV.ARHPS8 or AAV.GFP virus into the xenograft tumors and
monitored tumor growth for another 8 weeks. One hour before sacrifice, animals were received
an intraperitoneal injection of 0.5 ml BrdU solution (10 mM, a commercial kit from Roche
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Diagnostics, Indianapolis, IN) for evaluating proliferation rate in the xenografts. We also
measured apoptosis by means of TUNEL analysis (ApoAlert® DNA fragmentation assay kit,
Cat#K2024-1, Clontech) in the tumors.

As shown in Fig 2, after castration tumor growth was arrested for 3-4 week but resumed later
on in AAV.GFP virus-injected xenografts; however, tumor growth was abolished by
intratumoral injection of AAV.ARHPS virus in both castrated and sham-operated animals.

As shown in Fig 3, a diffused GFP distribution was achieved in either AAV.ARHPS or
AAV.GFP viruses-injected xenografts. AR expression and BrdU incorporation decreased
significantly in ARHPS virus-injected but not in GFP virus-injected xenografts. A significant
higher apoptotic index (TUNEL assay) was found in ARHPS virus-treated xenografts compared
to GFP virus-treated xenografts.

3. AAV.ARHPS suppresses androgen-independent tumor growth of C4-2 xenografts

We used the androgen-independent prostate cancer C4-2 cell line to test if the AR is essential
for androgen-independent tumor growth in xenograft experiments. C4-2 cells form tumors in
castrated nude mice (Ref. 3). Exponential growing C4-2 cells were inoculated into castrated nude
mice as described above and allowed to establish xenografts for 4-6 week. Once xenografts were
palpable, animals were divided into two groups to the AAV.ARHPS8 or AAV.GFP virus injection
and monitored tumor growth for another 8 weeks. BrdU incorporation assay was performed as
described above. As shown in Fig 4, ARHPS virus injection significantly abrogated tumor
growth compared to GFP virus injection. Similar to that seen in LNCaP xenograft experiments as
shown above, AR expression and BrdU labeling decreased dramatically in ARHP8 virus-injected
xenografts compared to that in GFP virus-injected xenografts. Also, apoptotic index (TUNEL
assay) was significantly higher in ARHPS8 virus-injected xenografts than that in GFP virus-
injected xenografts. Quantitative data was presented in Fig 5.

Other Achievements

1. In addition to the tasks described above, this DOD-founded grant also provided a solid
support for the P.I. Dr Benyi Li in submitting a RO1 proposal of [Membrane-associated
Signaling cascades in AR transactivation] to NIH on Feb 1* 2006.

2. One invited review article (Book chapter) with a title of “Androgen receptor and cellular
survival in prostate cancer”” was published under the support of this grant.

3. One original article with the title of “Small-interfering RNA-induced androgen receptor
silencing leads to apoptotic cell death in prostate cancer.” was published based on the results
from this project.

4. Two meeting abstracts were accepted for poster presentation as listed in the Appendix.

5. A manuscript with a title of “Silencing androgen receptor gene down-regulates
serum/glucorcorticoid-induced kinase (SGK) and abolishes tumor growth in prostate cancer”,
describing the major findings achieved from this project, is currently under preparation for
possible submission next month.
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Fig 1. Determination of a proper dose of AAV.ARHPS8 particle.
A total of 2.0 x 106 PC-3AR cells per injection (s. c.) was used to
established xenograft tumors in nude mice. Four weeks later
when xenografts were palpable, 7 different doses (log-dilution, 2
x 103 — 2 x 10° viral particles in 10 ul, lane 2-8) of rAAV.ARHP8
was injected into the tumor (multiple sites per tumor). Empty virus
rAAV.GFP (2 x 10° particles, lane 1) and PBS (10 ul, lane 9)
were used as controls. One week later, xenograft tumors were
harvested. Total RNA and protein extracts were used for
detecting AR mRNA (RT-PCR assay) and AR protein (Western
blot) levels as described previously (Ref 1). Meanwhile, RT-PCR
for S28 gene and anti-Actin western blot served as loading
control. GFP expression was also evaluated by western blot with
an anti-GFP antibody (Santa Cruz Biotech).
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Fig 2. AAV.ARHPS8 suppressed tumor growth in LNCaP
xenogarfts. A total of 2 x 106 LNCaP cells were used to
establish xenografts in nude mice and the animals were
castrated or sham-operated once the xenografts were
palpable. One day later, AAV.ARHP8 or AAV.GFP were
injected as indicated (day 0) at a dose of 5 x 108 viral
particles per 100 mms3 tumor volume. Tumor growth was
monitored for 8 weeks.
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Fig 4. AAV.ARHP8 suppressed androgen-independent
tumor growth in C4-2 xenogarfts. A total of 2 x 10° C4-2 cells
were used to establish xenografts in castrated nude mice once
the xenografts were palpable, AAV.ARHP8 or AAV.GFP were
injected at a dose of 5 x 106 viral particles per 100 mm? tumor
volume at day 0. Tumor growth was monitored for 8 weeks.
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Key Research Accomplishments
For the second year of this project according to the proved State of Work, we accomplished:

1. A proper dose of AAV particle for efficient distribution and knockdown of AR gene in mouse
xenograft model;

2. A total suppression of androgen-dependent tumor growth and androgen-independent transition
was observed in prostate cancer LNCaP cells-derived xenografts after silencing AR gene by
intra-tumoral injection of AAV.ARHPS virus.

3. A profound suppression of androgen-independent tumor growth was achieved in prostate
cancer C4-2 cells-derived xenografts after silencing AR gene by injection of AAV.ARHPS virus.

4. Determination of two downstream effecters, Bcl-xL and SGK, in AR-mediated survival
pathway.

Reportable Outcomes

1. An invited review article was published by Transworld Research Network in a book of
<Recent Research and Development in Cancer>, 7(2005): ISBN: 81-7895-185-1.
2. An original article was published in Molecular Cancer Therapeutics, 2005;

Conclusion

In this second-year period, we conducted the experiments according to the State of Work
(month 13-24), and also other related works. Based on the outlines in the proposal, we first
defined a proper dose of the rAAV bearing the ARHP8 sequence to efficiently knock down AR
expression in xenografts in vivo. Then, using this dose level, we demonstrated that knocking
down AR expression abolished androgen-dependent tumor growth and blocked androgen-
independent transition in LNCaP cell-derived xenografts. Also, we observed that AR silencing
resulted in a significant decrease of androgen-independent tumor growth in C4-2 cell-derived
xenografts in castrated mice. These results were consistent to our recent in vitro data as decribed
in Ref. 1. We analyzed the mechanisms for AR siRNA-induced cell death and identified two
anti-apoptotic proteins, Bcl-xL and SGK, as the downstream effecters of AR-mediated survival
pathway. We published two articles and presented two abstracts in national annual meetings
based on the work supported by this grant. We submitted a new RO1 grant application to NIH
within the scope of AR’s role in prostate cancer progression related to this project.
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Small-interfering RNA-induced androgen receptor
silencing leads to apoptotic cell death in

prostate cancer
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Abstract

Prostate cancer is the second leading cause of cancer
death in the United States and, thus far, there has been
no effective therapy for the treatment of hormone-
refractory disease. Recently, the androgen receptor (AR)
has been shown to play a critical role in the development
and progression of the disease. In this report, we showed
that knocking down the AR protein level by a small
interfering RNA (siRNA) approach resulted in a significant
apoptotic cell death as evidenced by an increased annexin
V binding, reduced mitochondrial potential, caspase-3/6
activation, and DFF45 and poly(ADP-ribose) polymerase
cleavage. The apoptotic response was specifically ob-
served in those siRNA-transfected cells that harbor a
native AR gene. No cell death was found in the AR-null
prostate cancer cell PC-3 or its subline that has been
reconstituted with an exogenous AR gene, as well as two
breast cancer cell lines that are AR positive. Moreover, in
parallel with the siRNA-induced AR silencing, the anti-
apoptotic protein Bcl-xL was significantly reduced, which
might account for the apoptotic cell death because
ectopic enforced expression of Bcl-xL protein partially
inhibited apoptosis after AR silencing. Taken together,
our data showed that knocking down the AR protein level
in prostate cancer cells leads to apoptosis by disrupting
the Bcl-xL — mediated survival signal downstream of AR-
dependent survival pathway. [Mol Cancer Ther 2005;
4(4):505-15]
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Introduction

Prostate cancer is a significant risk for men in the United
States (1). Sixty years ago, it was found that androgens
were required for prostate epithelial cells to proliferate,
differentiate, and survive; apoptotic cell death has been
found in the prostate after androgen withdrawal (2, 3).
Because of this insight, androgen ablation has been widely
accepted as a major medical treatment for metastatic
prostate cancer. However, most patients treated by
androgen ablation ultimately relapse to more aggressive
incurable hormone refractory prostate cancer (4). More-
over, antiandrogen withdrawal syndrome is another
concern for androgen antagonist therapy (5). The etiology
of hormone-refractory relapse may have various molecu-
lar causes, but in each scenario the androgen receptor
(AR) is expressed and its function is maintained (6-11),
suggesting that androgen-independent AR signaling is
involved. In a transgenic mouse model, AR overexpres-
sion in prostate epithelium resulted in marked increases
in epithelial proliferation and focal areas of intraepithelial
neoplasia in the ventral prostate and dorsolateral prostate
(12). Recently, the critical role of the AR for cellular
proliferation in vitro or tumor growth in vivo of prostate
cancer has been shown by different approaches, including
disruption of AR function by anti-AR antibody, inhibition
of AR expression by AR-specific ribozyme or antisense
oligonucleotides, as well as knocking down AR expression
by the RNA interference (RNAi) approach (8, 13-15).
However, the mechanisms of AR-dependent cellular
survival remain unclear in prostate cancer progression
although some survival mechanisms involved in hor-
mone-resistant progression of prostate cancer have been
proposed (16-20).

Apoptosis, or programmed cell death, is a well-conserved
process whose basic tenets remain common to all meta-
zoans (21, 22). Intracellular organelles, like mitochondria,
are key participants in apoptosis. The main aspects of
mitochondrial involvement in apoptotic process include
two critical events, the onset of multiple parameters of
mitochondrial dysfunction, such as loss of membrane
potential and the release of mitochondrial proteins includ-
ing cytochrome c. The Bcl-2 family proteins are critical
regulators that directly control the mitochondrial function
and consist of both proapoptotic and antiapoptotic
members (23). Bax, Bak, and Bok are proapoptotic
members, as are the BH3 domain only members, such as
Bad, Bik, and Bid. Antiapoptotic members include Bcl-2
and Bcl-xL, Bcl-w, Mcl-1, etc. It is believed that the rela-
tive levels of proapoptotic and antiapoptotic members are
the key determinants in the regulation of cell death and
survival.

Mol Cancer Ther 2005;4(4). April 2005
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The bcl-x gene encodes multiple spliced mRNAs, of which
Bcl-xL is the major transcript (23, 24). Like Bcl-2, Bcl-xL
protects cells from apoptosis by regulating mitochondrial
membrane potential and volume, and subsequently pre-
vents the release of cytochrome ¢ and other mitochondrial
factors from the intermembrane space into cytoplasm. In
addition, Bcl-xL may prevent apoptosis via a cytochrome
c—independent pathway (25). Although Bcl-xL protein can
be regulated posttranscriptionally, it is mainly controlled at
the gene expression level (26, 27). Bcl-xL protein is detected
in the epithelial cells of normal prostate gland and prostate
cancers in an earlier report (28). The expression level of Bcl-
xL protein correlated with higher grade and stage of the
disease, indicating an important role of Bcl-xL in prostate
cancer progression.

RNAI is a recently discovered mechanism of posttran-
scriptional gene silencing in which double-stranded RNA
corresponding to a gene (or coding region) of interest is
introduced into an organism, resulting in degradation of the
corresponding mRNA (29, 30). Unlike antisense technology,
the RNAi phenomenon persists for multiple cell divisions
before gene expression is regained, and is more efficient
than antisense oligonucleotides. RNAi is, therefore, an
extremely powerful, simple method for assaying gene
function (31).

In an effort to dissect the mechanism of AR-dependent
survival and to develop novel therapeutic strategies for
prostate cancer, we knocked down the AR protein expres-
sion in prostate cancer cells that harbor the AR gene using
the RNAi technique. Surprisingly, in addition to cell arrest,
we found a significant apoptotic cell death when AR
expression was knocked down by a small interfering RNA
(siRNA) duplex. Most interestingly, the antiapoptotic
protein Bcl-xL was also decreased in parallel with AR
silencing, and overexpression of exogenous Bcl-xL con-
trolled by a cytomegalovirus promoter partially rescued the
cells from AR siRNA-induced apoptosis.

Materials and Methods

Cell Lines and Reagents

The human prostate cancer LNCaP, LAPC-4, PC-3, C4-2
and CWR22Rv1 cells, and HEK293 cells were described
previously (32-34). The cell line information is briefly
summarized in Table 1. Prostate epithelial cell RWPE-1 and
breast cancer cell lines MCF-7 and T47D were obtained
from American Type Culture Collection (Manassas, VA).
The hormone-refractory prostate cancer cell LNCaP-Rf was
a kind gift provided by Dr. Donald Tindall (Department of
Biochemistry, Mayo Clinic, Rochester, MN; ref. 13). PC-3/
AR subline was established by stably transfecting the AR-
null PC-3 cells with a vector bearing the human AR gene
obtained from Dr. Fahri Saatcioglu (Department of Biology,
University of Oslo, Oslo, Norway). PC-3/Neo subline was
established when an empty vector was used. The stable
clones were selected in G418 and maintained in RPMI
1640 supplemented with 10% fetal bovine serum (FBS).
LNCaP/Bcl-xL subline was established by stably trans-

fecting the LNCaP cells with a vector bearing the human
bel-xI ¢cDNA sequence with a HA-tag obtained from
Dr. Hong-gang Wang (Moffitt Cancer Center, University
of South Florida, Tampa, FL) and LNCaP/puromycin
subline was established when an empty vector was used.
The stable clones were selected in a puromycin-containing
culture medium. Antibodies against human AR, actin, and
secondary antibodies were purchased from Santa Cruz Bio-
technology (Santa Cruz, CA). Antibodies against caspases,
cytochrome ¢, Bcl-2 family members, XIAP, DFF45, and
poly(ADP-ribose) polymerase were obtained from Cell
Signaling (Beverly, MA). JC-1 fluorescent dye was
obtained from Molecular Probes (Eugene, OR). Charcoal-
stripped FBS was obtained from Atlanta Biologicals
(Norcross, GA). Other reagents were supplied by Sigma
(St. Louis, MO).

siRNA Synthesis, Labeling, and Transfection

Sequence information regarding the human AR gene
(Genbank accession no. NM_000044) was extracted from
the National Center for Biotechnology Information Entrez
nucleotide database. Up to 34 mRNA segments were
identified using the OligoEngine software (OligoEngine,
Inc.,, Seattle, WA), which fulfill the requirements for
potentially triggering RNAi according to the literature
(31). The AR gene specificity was confirmed by searching
the National Center for Biotechnology Information BlastN
database. The siRNAs were prepared by a transcription-
based method using the Silencer siRNA construction kit
(Ambion, Austin, TX) according to the manufacturer’s
instructions. The 29-mer sense and antisense DNA
oligonucleotide templates (21 nucleotides specific to the
targets and 8 nucleotides specific to T7 promoter primer
sequence 5-CCTGTCTC-3') were synthesized by IDT
(Coralville, IA). The quality of the synthesized siRNA
was estimated by agarose gel analysis and found to be
very clean. RNAs were quantified by using RiboGreen
fluorescence (Molecular Probes). A Silencer siRNA
labeling kit using a fluorescent Cy3 dye (Ambion) was
used for labeling the siRNA duplexes according to the
manufacturer’s instructions. The purified siRNA duplexes
were transfected into cells with the Oligofectamine
reagent (Invitrogen, Co., Carlsbad, CA) in a medium
supplied with 2% charcoal-stripped FBS. The media
were changed every 3 days. A scrambled negative siRNA
duplex (Ambion) was used as control. A pooled chemi-
cally synthesized AR siRNA mixture was purchased from
Upstate (Charlottesville, VA).

Western Blotting and Immunofluorescence Staining

For Western blot, cells were washed in PBS and lysed in
a radioimmunoprecipitation assay buffer supplied with
protease inhibitors (CytoSignal, Irvine, CA). Western blot
analysis was done as described previously (32-35) to assess
the protein expression level of target molecules. Blots were
developed with a SuperSignal West Dura substrate kit
(Pierce Biotech, Rockford, IL). Immunofluorescent staining
was done as previously described (34, 35). The picture was
taken under a fluorescence microscope (Nikon Inc., Mel-
ville, NY) set at X200 magnification.
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Table 1. Summary of cell lines used in this study
Cell line Origin and modification AR status Hormone response Reference
LNCaP Human prostate cancer Mutant Yes 55
LAPC-4 Human prostate cancer Wild type Yes 56
PC-3 Human prostate cancer Null No 57
C4-2 LNCaP coengrafted with Mutant No 58
bone marrow cells
CWR22Rv1 Human prostate cancer Mutant No 42
RWPE-1 Human prostate epithelium Wild type Yes 41
transformed by HPV-18
HEK293 Human embryo kidney Null No 59
transformed by
adenovirus 5
MCE-7 Human breast cancer Positive Yes 60, 61
T47D Human breast cancer Positive No 62

Cytotoxicity Assays and Flow Cytometry

Typically, cell viability was assessed with a trypan blue
exclusion assay as described in our previous publication
(33). Apoptotic cell death was determined using an annexin
V-FITC Apoptosis Detection kit (BD PharMingen, San
Diego, CA) according to the manufacturer’s manual. Briefly,
cells were harvested and washed with ice-cold PBS and then
suspended in annexin V binding buffer. Then, cells were
stained for 15 minutes at room temperature in the dark and
analyzed on a FACSCalibur flow cytometer using CELL-
Quest software. For clonogenic survival assay, 10° cells were
seeded in a 35 mm dish and transfected with the siRNAs as
indicated in the figure legend. The media were changed
every 3 days and the cultures were observed daily for colony
formation. On day 7, the cultures were washed with PBS,
fixed, and stained as previously described (36). The colonies
were counted under an inverted microscope.

mRNA Expression Analysis and ReverseTranscription-
PCR

Total RNA was prepared using Trizol reagent (Invitro-
gen). To assess mRNA expression, a semiquantitative
reverse transcription-PCR (RT-PCR) method was used as
described previously (35). RT-PCR was done using a
RETROscript kit (Ambion) per manufacturer’s instructions.
The primers and PCR conditions were described as follows:
for human AR gene (forward 5-cctggcttccgeaacttacac-3';
backward 5-ggacttgtgcatgeggtactca-3'; adapted from
ref. 6); human PSA gene (forward 5-gatgactccagccacgacct-
3'; backward 5'-cacagacaccccatcctate-3'; ref. 37); and human
bcl-xl gene (forward 5'-catggcagcagtaaagcaag-3'; backward
5-gcattgttcccatagagttcc-3'; ref. 38). 285 ribozyme RNA
(forward 5'-gttcacccactaatagggaac gtg-3'; backward 5'-gatt-
ctgacttagaggcgttcagt-3') was used as an internal control. The
primers were synthesized by IDT. The amplification profile
was as follows: 95°C for 30 seconds, 56°C for 30 seconds,
and 72°C for 1 minute running in a total of in 25 cycles. After
25 amplification cycles, the expected PCR products were
size fractionated onto a 2% agarose gel and stained with
ethidium bromide.

Mitochondrial Membrane Potential and Caspase Ac-
tivity

The siRNA-transfected cells were incubated in the
presence of JC-1, which was added to the culture medium
at a final concentration of 0.3 pg/mL for 15 minutes
at 37°C. Thereafter, the cells were analyzed under a
fluorescent microscope. The caspase activity was mea-
sured using an Apo-ONE Homogeneous Caspase-3/7
Assay kit obtained from Promega (Madison, WI) per the
manufacturer’s manual. Briefly, the cells were washed in
ice-cold PBS and then suspended in the assay buffer
containing the substrate rhodamine 110 (Z-DEVD-R110)
provided by the supplier. The amount of fluorescent
product generated is measured at 480/520 nM (wave-
length) using a Fluoscan fluorescent reader as described
previously (32, 34).

Statistical Analysis

All experiments were repeated twice or thrice. Western
blot results are presented from a representative experiment.
The mean and SD from two experiments for cell viability
are shown. The number of viable/dying cells or cell
colonies in the control group or the initial time point was
assigned a relative value of 100%. The significant differ-
ences between groups were analyzed using the SPSS
computer software (SPSS, Inc., Chicago, IL).

Results

Knocking Down AR Expression via RNA Interference
Approach in Prostate Cancer Cells

Because the AR has been shown to play a critical role in
hormone-refractory progression of prostate cancer (6-17),
targeting the AR gene by reducing its translation or
blocking its function via antisense approach has emerged
as a novel strategy for prostate cancer therapy (13-15).
Recently, RNA interference has been shown to be a better
strategy in blocking gene expression in cultured cells or
animal model (29-31). To explore the feasibility of the RNAi
technique in knocking down AR expression in prostate
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cancer cells that harbor the AR gene, we designed and
synthesized a panel of siRNAs against human AR gene.
Two relatively potent siRNAs (AR siRNA 8, 5-AAGAAG-
GCCAGUUGUAUGGAC-3; AR siRNA 31, 5-AAGACG-
CUUCUACCAGCUCAC-3) were identified in knocking
down AR expression in the initial experiments when
compared with others. The AR knockdown effect was
further confirmed by checking the mRNA level followed by
Western blot. A well-known androgen target prostate-
specific antigen was also down-regulated as determined
by a RT-PCR assay. This knocking down effect was achieved
as a sequence-specific event because a negative control
siRNA with a scrambled sequence had no effect on AR
protein or prostate-specific antigen mRNA level (Fig. 1A).
Both AR siRNAs 8 and 31 significantly knocked down AR
expression at a final concentration of 1.0 to 10 nmol/L in
culture media after 4 days in LNCaP cells that harbor an
endogenous mutant AR gene, as well as in PC-3/AR cells
that were reconstituted with an exogenous wild-type AR
gene (Fig. 1B). Moreover, the knocking down effect of the
AR protein was further verified using an immunofluores-
cent staining approach where LAPC4 cells, which harbor an
endogenous wild-type AR gene, were used (Fig. 1C). These
results show that the RNAi machinery is functional in
prostate cancer cells, which is consistent with two recent
reports (8, 39), and can be activated by a siRNA duplex.

siRNA-Mediated AR Silencing Leads to Dramatic Cell
Death

It is shown that the AR is a key factor for cell
proliferation in vitro (13, 14) or tumor growth in vivo (15)
in prostate cancer. Consistent with two recent reports
showing a reduced cell proliferation after AR protein was
knocked down via the RNAi approach (8, 39), we also
found that cell growth was largely reduced after transfec-
tion of LAPC-4 cells with either AR siRNA 8 or a pooled
AR siRNA mixture (Fig. 2A). However, the difference was
that a massive cell death was observed if the cells were
monitored for >4 days after siRNA transfection. To test if
the cell death response is due to siRNA-mediated AR
silencing, we did a time course experiment in LNCaP
(hormone-sensitive) and C4-2 (hormone-refractory) cells.
The cells were transfected with AR siRNA 8 or a scrambled
negative siRNA in 2% charcoal-stripped FBS. The relative
survival rate of the cells was determined every 2 days using
a trypan blue exclusion assay. Transfection of the cells with
the AR siRNA duplexes resulted in a significant cell death
in which LNCaP cells (Fig. 2B) showed a quicker response
compared with C4-2 cells (Fig. 2C). In contrast, the negative
control siRNA did not cause cell death. These data suggest
that the AR siRNA induces cell death regardless of
hormone sensitivity, although C4-2 cells showed a delayed
response compared with LNCaP cells.

Next, we asked if the AR siRNA -induced cell death was
simply due to a cellular nonspecific response to the double-
stranded siRNA (i.e., IFN response; ref. 40) or those
degraded AR mRNA produced by the RNAi machinery.
The experiments were conducted using PC-3/AR, PC-3/
Neo (empty vector control subline), and LNCaP-Rf

(hormone-refractory, ref. 13) cell lines. As shown in
Fig. 2D, either AR siRNA 8 or 31 significantly reduced
the survival rate for >95% in LNCaP-Rf cells compared
with the control siRNA. In contrast, the cell survival rate
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Figure 1. siRNA-mediated AR gene silencing in prostate cancer cells. A,
following transfection with the siRNA duplexes (final concentration at
10 nmol/L in the medium) as indicated, cells were harvested at 48 h (top) or
72 h (bottom) later. The mRNA levels of target genes as indicated were
determined by RT-PCR assay (top) and the AR protein was determined by
Western blot (bottom). Actin blot served as loading control. The siRNA was
omitted in the mock control. B, cells were transfected with different
concentrations of AR siRNA 8 and then harvested 72 h later. Western blot
was done as above. C, LAPC-4 cells were transfected with the siRNA
duplexes (10 nmol/L in the medium) as indicated for 72 h and then subjected
to immunofluorescent staining as described in the text.
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Figure 2. AR siRNA induces cell arrest and death. Cells seeded in six-well plates were transfected with the siRNAs (10 nmol/L in the medium) as
indicated. A, the total number of living (white or unstained) cells from each time point was counted by trypan blue exclusion assay. B and C, the survival
rate (white cells versus white plus blue cells) was determined in each time point by trypan blue exclusion assay, and then the relative survival rate was
calculated by normalizing the data from late time points against the initial time point group that was set as 100%. D, cells were seeded in 35 mm dishes at
a density of 10° cells per dish overnight and then transfected with the siRNA duplexes (10 nmol/L in the medium) as indicated. The clonogenic survival
fraction of the cells was determined on day 7 posttransfection. Colonies were fixed, stained, and counted. The survival rate in control group was

designated as 100%. Data are from three different experiments.

was not affected in either PC-3/AR or PC-3/Neo cells after
the siRNA transfection. These data suggest that the AR
siRNA —induced cell death in the native AR-harboring cells
isnotanonspecific cellular response to the double-stranded
siRNA or siRNA-mediated AR mRNA degradation but due
to a disruption of the survival machinery that depends on
the AR. In the AR-null cells, like PC-3/Neo or PC-3/AR
cells where an exogenous AR gene is expressed, the
survival machinery of the cells might not depend on the AR.

AR siBRNA -Induced Cell Death Occurs Specifically in
Prostate-Derived Cells

In addition to those commonly used prostate cancer cells
as mentioned above, we also tested the cell death response
to the AR siRNA in two more prostate epithelial cell lines
(RWPE-1 and CWR22Rv1l) and breast cancer cell lines
(MCF-7 and T47D) to verify the specificity of AR siRNA-
induced cell death. The RWPE 1 is a nontumorigenic
prostate epithelial cell line (41), whereas the CWR22Rv1 is a
hormone-refractory prostate cancer cell derived from
CWR22 xenograft (42). Although the CWR22Rv1 cells, like
C4-2 cells, showed a delayed response to AR siRNA-
induced cell death, the nontumorigenic RWPE-1 cell line
showed a rapid death response even faster than LAPC-4

(Fig. 3A) and LNCaP cells (Fig. 2B). However, the two
breast cell lines did not show any cell death response to the
AR siRNA although they are also harboring an endogenous
AR (data not shown). A selected data for AR siRNA-
induced AR protein knockdown in CWR22Rv1 and LAPC-
4 cells was shown in Fig. 3B.

To visualize the specificity of the AR siRNA-induced
cell death, we labeled AR siRNA 31 with a fluorescent dye
(Cy3) and then transfected into LNCaP cells. Cells were
maintained in 2% charcoal-stripped FBS and cell death was
monitored daily under a fluorescent microscope. As shown
in Fig. 4, the Cy3-labeled siRNA was seen in a large
population of the cells, indicating a successful transfection.
Most interestingly, only the dying cells (round and
detached from the plastic) showed a positive Cy3 labeling
(Fig. 4, black arrow); however, living cells (spreading and
attached cells) showed no Cy3 labeling (Fig. 4, white arrow).
These data show the specific effect of the AR siRNA-
induced cell death only on the transfected cells.

Mitochondrial Apoptotic Mechanism Is Involved in
AR siRNA - Induced Cell Death

It has been shown that androgen ablation or antiandrogens
induces apoptotic cell death in prostate epithelium and
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Figure 3. AR siRNA specifically induces cell death in other prostate-
derived cells. A, three prostate cell lines (RWPE-1, LAPC-4, and CWR22Rv 1)
were transfected with AR siRNA 8 at 10 nmol/L in the culture medium
supplied with 2% charcoal-stripped FBS, and cell survival rate was determined
7 days later by trypan blue exclusion assay. B, cells harvested from the
experiments described in (A) were lysed for Western blot analysis to
determine the protein levels of the AR. Actin blot served as loading control.

prostate cancer cells (3). To determine if AR siRNA-
induced cell death is an apoptotic response, we first
detected the change of the membrane phospholipid phos-
phatidylserine, which is translocated from the inner to the
outer leaflet of the plasma membrane during the earlier phase
of apoptosis (43). As shown in Fig. 5A, transfection of the cells
with the AR siRNAs induced significant phosphatidylserine
translocation, whereas the control siRNA had no effect.
Because loss of mitochondrial transmembrane potential
(Ayr,) is considered to be one of the central events in
apoptotic death that leads to incapacitation of the mito-
chondria, release of cytochrome ¢, and activation of the
caspase pathway, we tested the integrity of this signaling

negative siRNA

event using the fluorescent dye JC-1 as described elsewhere
(44). Upon entering the mitochondrial negative transmem-
brane potential in healthy cells, JC-1 forms red fluorescent
aggregates. When the transmembrane potential is low, as in
many cells undergoing apoptosis, JC-1 exists as a monomer
and produces green fluorescence. Consistent with this
notion, green fluorescence was observed in dying cells after
being transfected with AR siRNA 8 (as pointed by arrows
in Fig. 5B, ¢ and d), whereas living cells remained normal
membrane potential (red fluorescence as pointed with
arrowhead in Fig. 5B).

The presence of cytochrome c in the cytosol is a critical
event required for the correct assembly of the apoptosome,
subsequent activation of the executioner caspases, and
induction of cell death (45). To evaluate the release of
cytochrome c, cytosolic fraction of the cellular protein was
collected 6 days after siRNA transfection. As shown in
Fig. 6A, in parallel with the AR knocking down, cyto-
chrome ¢ was detected in the cytosolic fraction when AR
siRNA 8 was transfected into cells. Meanwhile, the
apoptosis hallmarker poly(ADP-ribose) polymerase cleav-
age fragment was also detected. Finally, the proteolytic
processing of inactive procaspases, the essential component
of the death pathway in many cells (21), and their catalytic
activity were also analyzed. As shown in Fig. 6B,
transfection with AR siRNA 31 into LNCaP cells induced
significant reduction of procaspase-3, procaspase-6, and
DFF45 (evidence for proteolytic activation or cleavage).
Similar results were also seen when LAPC-4 or C4-2 cells
were used (data not shown). Consistently, the catalytic
activity of caspase 3/7 was significantly increased when
AR siRNA 31 was used compared with negative control
siRNA (Fig. 6C). Thus, these data clearly showed that the
mitochondrial apoptotic mechanism is activated by the AR
siRNAs.

Antiapoptotic Protein Bcl-xL Is Involved in AR-Medi-
ated Cell Survival

Having shown the mitochondrial involvement in AR
siRNA-induced cell death, we next focused on the Bcl-2
family members because they are the major regulators of
mitochondrial function in the aspect of apoptosis by
facilitating or inhibiting cytochrome c¢ release to cytosol

#31 AR siRNA

Figure 4. Visualization of the Cy3-
labeled AR siRNA -induced cell death.
LNCaP cells were seeded in six-well
plates overnight and then transfected
with Cy3-labeled siRNAs (10 nmol/L in
the medium) as indicated. Cell death
was monitored daily. Pictures were
taken at days 1 and 4 after transfection.
The Cy3-labeled siRNAs are seen as
white dots in Cy3 (b, d, f, and h). In
(g) and (h), white arrows indicate
several living cells without the Cy3
labeling (negative transfection), whereas
black arrows indicate a cluster of dying
cells (round and detached) with strong
Cy3 labeling (positive transfection).
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Figure 5. AR siRNA induces apoptotic cell death. A, after transfection
with the siRNA duplexes (10 nmol/L in the medium) as indicated for 4 d,
LNCaP cells were harvested and the change of the membrane phospholipid
phosphatidylserine was determined using fluorescence-activated cell
sorting for FITC-labeled cells as described in the text. Data are from two
different experiments. B, following transfection with the siRNA duplexes
(10 nmol/L in the medium) for 5 d, LNCaP cells were incubated with JC-1
(0.3 pg/mL) for 156 min at 37°C. Pictures were taken under a fluorescent
microscope (magnitude x200).

and subsequent assembly of an active apoptosome (22).
These functions are promoted by the proapoptotic Bax or
Bak and are inhibited by the antiapoptotic Bcl-2 and Bcl-xL.
We determined whether protein expression of these Bcl-2
family members is altered after the AR siRNA transfection.
Interestingly, we found that the protein level of the
antiapoptotic member Bcl-xL dramatically decreased in the
AR siRNA 8-transfected cells compared with the controls,
whereas another antiapoptotic member, Bcl-2, and the
proapoptotic members, Bax and Bak, remained unchanged
(Fig. 7A). To better illustrate the relationship of Bcl-xL
reduction with AR silencing, we conducted a time course
experiment (Fig. 7B). The protein levels of Bcl-xL decreased
in a time-dependent manner following the AR siRNA
transfection; however, Bax protein remained consistent
during the time course. These data indicate that AR silencing
results in Bel-xL reduction that might lead to an imbalance
between the proapoptotic and antiapoptotic members of the
Bcl-2 family that, in turn, triggers apoptosis.
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To shed light onto the mechanistic basis underlying the
response of Bcl-xL reduction to AR silencing, we also
examined Bcl-xL expression at the mRNA level by RT-PCR
assay. As shown in Fig. 7C, the Bcl-xL mRNA level
decreased significantly after AR siRNA 8 transfection
compared with the controls, indicating that the reduction
of Bcl-xL protein after AR silencing is via a transcriptional
mechanism.
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Figure 6. AR siRNA induces cytochrome c release, caspase activation,

and cleavage of DFF45 and poly(ADP-ribose) polymerase. A and B, after
7 d of transfection with the siRNAs as indicated, LNCaP cells were
harvested and the cytosolic occurrence of cytochrome c, proteolytic
process of caspase-3 and caspase-6, and DFF45 and poly(ADP-ribose)
polymerase cleavage were determined by Western blot. C, after 7 d of
transfection with the siRNAs as indicated, LNCaP cells were washed with
ice-cold PBS and then harvested. Caspase activity was measured as
described in the text. Columns, mean value of relative activity from three
independent experiments.
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AR siRNA - Induced Apoptosis Was Partially Inhibited
by Ectopic Bcl-xL Expression

In view of the antiapoptotic feature of Bcl-xL protein, we
hypothesized that the AR promotes cellular survival by up-
regulating the bcl-x gene expression through a transcrip-
tional mechanism in prostate cancer cells. Therefore, Bel-xL
expression will decrease if the AR is knocked down, which
subsequently results in apoptosis due to an imbalance
between the proapoptotic and antiapoptotic members of the
Bcl-2 family. Thus, we wondered if an enforced Bcl-xL
expression will protect cell from apoptosis while AR is
silenced. To assess the protection effect of Bcl-xL protein, a
stable LNCaP subline overexpressing human Bcl-xL protein
controlled by a cytomegalovirus promoter (LNCaP/Bcl-xL)
or a control subline with an empty vector (LNCaP/
puromycin) were established. Consistent with the results
obtained from the parental cells (Fig. 7A), exposure of those
LNCaP subline cells to AR siRNA 8 resulted in a decrease
of endogenous but not exogenous Bcl-xL protein (Fig. 8A,
lane 1 versus lane 2). Most significantly, as expected,
enforced Bcl-xL expression partially inhibited cell death
induced by AR siRNA transfection in LNCaP/Bcl-xL cells
compared with the controls (Fig. 8A, bottom). These data
showed that Bcl-xL is involved in AR-mediated survival of
prostate cancer, and the reduction of Bcl-xL expression
after AR silencing represents a mechanism for the AR
siRNA-induced apoptosis.

In addition, while establishing a subclone for stable Bcl-xL
expression in LNCaP cells, an unexpected clone [LNCaP
subclone 11 (LN11)] was obtained, in which Bcl-xL
expression was dramatically reduced for unknown reason,
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Figure 7. AR siRNA transfection
leads to reduction of Bcl-xL expres-
sion. A and B, after transfection with
AR siRNA 8 or negative control
siRNA (10 nmol/L in the medium) as

g [ =3 indicated, LNCaP cells were har-
o 5 (1] :_D (=] vested on day 7 (A) or at each time
e ) zg = > point (B), and the protein levels of
F = =) AR, Bcl-2, Bcl-xL, Bax, Bak, and
< XIAP were assessed by Western blot.
D Data was reproducible in three inde-

pendent experiments. C, after trans-
fection with the indicated siRNAs (10
nmol/L in the medium), LNCaP cells
were harvested on day 7, the total
RNA was isolated, and the Bcl-xI
mRNA level was assessed by RT-
PCR as described in the text. D,
similar to (C), but a serial 10-fold
dilution of the total RNA input was
made for the first-strand cDNA syn-
thesis in the RT-PCR assay. Relative
band density in each lane was deter-
mined and graphed.
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as confirmed by RT-PCR and Western blotting (Fig. 8B, top
and middle). By taking advantage of this particular clone of
LNCaP cell subline, we further tested the involvement of
Bcl-xL in AR-mediated survival. Exposing LN11 subline
cells to AR siRNA 8 resulted in a significant increase in AR
siRNA-mediated cell death compared with the parental
LNCaP cells and the untransfected controls (Fig. 8B,
bottom), although the LN11 subline did not show a
profound cell death without AR silencing. These data
indicate that loss of Bcl-xL expression enhances AR
siRNA-induced cell death, and multiple downstream
factors, besides Bcl-xL, are mediating AR survival signal.

Discussion

In this report, we identified two siRNA duplexes that
induce a strong AR silencing in prostate cancer cells. Most
importantly, we found that siRNA-mediated AR silencing
subsequently leads to a massive cell death through a
mitochondrial apoptotic pathway. AR siRNA-induced
apoptosis only occurs in prostate cancer cells that harbor
an endogenous AR regardless of their androgen sensitivity.
Further analyses showed that Bcl-xL expression is tran-
scriptionally dependent on the AR in prostate cancer cells,
and siRNA-mediated AR silencing results in a reduction of
Bcl-xL expression that accounts partially for the apoptotic
response because enforced Bcl-xL expression inhibited cell
death after AR silencing. To the authors” knowledge, this is
the first report showing AR involvement in Bcl-xL
expression and apoptotic response to siRNA-mediated
AR silencing in prostate cancer.

Mol Cancer Ther 2005;4(4). April 2005



Our results are somewhat different from other approach-
induced AR blockage as mentioned above (8, 13-15, 39),
in which only cell arrest or reduced tumor growth, but
no cell death, were reported. The plausible reason might
be the difference in the extent of AR blockage or pro-
tein knockdown. For example, the AR-specific antibody
might not totally block the AR function as used in a
previous report (13) because the AR protein still exists
in the cell. It is believed that the RNAi approach is
more potent than the ribozyme (13) or antisense ap-
proach in terms of gene silencing (14, 15); therefore,
our RNAi approach might have induced a more effi-
cient knocking down of the AR protein than the former
approach of AR ribozyme or antisense oligonucleotides.
In addition, current experiences in the field of RNAi
technology showed that the siRNAs targeted to different
regions of a gene transcript may not function equally
(31), which may be responsible for the different findings
between our results and others (8, 39). Finally, the strate-
gies in the experimental condition used between ours and
other groups (8, 39) might also account for the different
outcome.

It has been shown that androgen or other factors as
critical survival stimuli play an important role via the AR
in prostate cancer progression. Although AR-dependent
functional repression of FKHR and related FOXO fork-
head proteins was reported as a possible pathway (18),
the survival pathway of AR-dependent mechanism is not
clear. PI3K-Akt is a major cellular survival factor that is
negatively regulated by the PTEN phosphatase (46). In
LNCaP cells, Akt is constitutively active due to PTEN
mutational inactivation (47), whereas LAPC-4 cells
maintain a wild-type PTEN (48). Here, we observed that
AR siRNA induced cell death in both of the cell lines,
suggesting that the AR-dependent survival pathway is

Figure 8. A, ectopic enforced expression of bcl-xI gene inhibits AR
siRNA —induced cell death. LNCaP/puromycin and LNCaP/Bcl-xL cells
were transfected with AR siRNA 8 for 7 d and the expression level of
endogenous/exogenous bcl-xI gene was determined by Western blot.
Because the exogenous Bcl-xL protein has a HA tag, the membrane was
reprobed with anti-HA antibody to show the exogenous Bcl-xL protein.
Actin blot served as loading control. The cell death rate (blue cells versus
blue plus white cells) was determined individually by trypan blue exclusion
assay. The asterisk indicates a significant difference (P < 0.05) between
LNCaP/puromycin versus LNCaP/Bcl-xL cells after AR siRNA 8 transfec-
tion. Data are from three independent experiments. B, loss of Bcl-xL
expression lead to a significant increase of AR siRNA —induced cell death.
Top, the parental LNCaP cells (/lane 7), LNCaP subline LN11 (/ane 2), and a
stable subclone bearing an empty vector (lane 3) were exponentially
grown and harvested. Total RNA was isolated and Bcl-xL mRNA levels
were determined by RT-PCR and 28S gene served as internal control for
the RT-PCR assay. Cellular proteins were extracted and Bcl-xL protein
levels were assessed by Western blot. Antiactin blot served as loading
control. Data are from two separate experiments. Bottom, cells were
transfected with negative siRNA (black columns) or AR siRNA 8 (gray
columns) at 10 nmol/L in the culture medium supplied with 2% charcoal-
stripped FBS. Cell death rate [dying cells versus (dying plus living cells)]
was determined 5 d later by trypan blue exclusion assay as described
earlier. The asterisk indicates a significant difference (P< 0.05) between
LN11 versus the parental LNCaP cells.
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via an AKT-independent mechanism, which was also
proposed by previous reports (49, 50). In addition, we
observed the apoptotic response from those native AR-
harboring cells (RWPE-1, LAPC-4, LNCaP, CWR22Rv1,
and C4-2), but not from the AR-null PC-3 or its subline
PC-3/AR cells, which was reconstituted with an exoge-
nous AR gene. These findings indicate that the AR is a
critical survival factor for prostate epithelium-derived
cells and remains as an important survival factor even in
those hormone-refractory cancer cells, although they
might have developed additional survival mechanism.
However, the AR-null prostate cancer cells already
escaped from the AR-regulated survival control.

The Bcl-2 family proteins reside immediately upstream
of mitochondria and function as either death antagonists
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or agonists. The ratio of death antagonists to agonists
determines how a cell responds to an apoptotic signal.
Like Bcl-2, Bcl-xL is another major apoptotic antagonist
and its expression is mainly regulated through tran-
scriptional mechanisms (21, 22). The bcl-x promoter
contains consensus motifs for a number of transcription
factors, including Sp1, activator protein-1, Oct-1, Ets, Rel/
NF-xB, signal transducers and activators of transcription
(STAT), and GATA-1, in which three transcription factor
families, STATs, Rel/NF-«B, and Ets family, have been
shown to play an important role in the regulation of the
bcl-x gene expression (26, 27). Recently, other steroid
hormone receptors, including receptors for glucocorticoid
and progesterone, have been reported to bind to the
mouse bcl-x promoter (51, 52). In this report, our data
suggest that the AR is involved in the transcriptional
regulation of bcl-x gene expression, although the under-
lying mechanism is under further investigation by our
group.

Recently, siRNA-mediated IFN response has emerged
as a big concern regarding the use of siRNA in mam-
malian cells (40, 53). In our system, we also observed the
similar response in which the transcriptionally made
siRNAs induced more significant IFN response than the
chemically synthesized ones.” However, similar responses
were observed in all of those prostate cancer cells used in
our study, indicating that the apoptotic effect of AR
siRNA in the AR-harboring cells is independent of the
IFN-related effect. Moreover, it was reported that only
tumor necrosis factor-a, but not IFN, down-regulates Bcl-
xL expression (54), suggesting that the reduction of Bcl-
xL protein is not due to the siRNA-triggered IFN
response.

In conclusion, our results showed for the first time that
knocking down the AR protein by a siRNA duplex
induces apoptosis in native AR-positive prostate cells
regardless their hormone sensitivity. The apoptotic
response induced by the AR siRNAs is partially due to
reduction of Bcl-xL expression because enforced Becl-xL
expression inhibits AR siRNA-induced cell death. Cur-
rently, the underlying mechanism for AR-mediated up-
regulation of the bcl-x gene is under further investigation.
The siRNA-mediated AR silencing may be implicated as
a novel approach in the future for curing the hormone-
refractory prostate cancers that are currently considered
as a condition with no cure.
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Introduction

Prostate cancer is the most common cancer
diagnosed after skin cancers and the second leading
cause of cancer death in the US. It is estimated that
there will be about 232,090 new cases and 30,350
men will die because of this disease in 2005 (1). Since
it is a severe health threat to men, extensive studies
have been conducted on this disease in recent years
and the research advances were summarized by
numerous excellent review articles in all aspects
including general mechanism (2-9), cancer genetics
and epidemiology (10-18), androgen receptor (AR)
biology (19-40), AR coregulators (41-42), AR cross-
talk with other signal pathways (43-47), antiandrogen
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and novel therapies (48-60), as well as new biomarkers for prognosis and
diagnosis (61-63). In this review, thus, we will only discuss the survival
pathways related to the AR signaling in prostate cancers.

Androgen receptor is the key molecule for prostate

cancer progression

Since the seminal work of Huggins and Hodges in 1941 (64), it has been
widely accepted that androgens play a critical role not only in the physiological
development of the prostate but also in the genesis of prostate cancer.
Currently, androgen ablation is the major therapeutic approach for advanced
disease. However, most patients treated by androgen ablation ultimately
relapse to more aggressive androgen-independent or so-called hormone-
refractory (because it is resistant to hormone ablation therapy) prostate
cancers. The etiology of hormone-refractory progression may have various
molecular causes, but the AR is expressed and its function is maintained in
each scenario (reviewed in Ref. 19-40), suggesting that androgen-independent
AR signaling is involved. Since the original cloning of the AR gene in 1988
(65), the role of AR in prostate development and cancer progression has been
extensively studied. Especially, the essential role of the AR for hormone-
refractory progression was demonstrated recently (66-69).

The first report showing a direct connection between the AR and cell
growth in androgen-independent prostate cancer cells under androgen
deprivation condition was published in 2002 by Dr Tindall’s group (66). In a
cell-based experiment, disruption of AR activity using an AR antibody to
block its function or AR-specific ribosome to suppress its protein translation
caused a significant growth inhibition either in androgen-dependent or
-independent prostate cancer cells that harbor a native AR gene. However,
there was no significant inhibition of cell growth upon exposure of prostate
cancer DU145 cells that are null of AR gene to those procedures. This initial
observation was supported by a study using xenograft model of prostate cancer
(67). The transition from androgen-dependent to -independent stage was
established using human prostate cancer LAPC-9 xenograft line in severe
combined immunodeficiency (SCID) mice. Then, AR function was determined
using androgen responsive reporter gene assay and AR-DNA binding
(chromatin immunoprecipitation, ChIP) analysis. In androgen-dependent stage,
the AR localized to the nucleus and bound to the endogenous prostate-specific
antigen (PSA, a typical androgen response gene) enhancer. Following
castration, the AR disassociated from the chromatin and moved out of the
nucleus. However, in recurrent tumors (androgen-independent stage), the AR
re-entered into the nucleus and rebound to PSA enhancer region on the
chromatin. Reporter assays also showed that the AR was re-activated upon
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tumor re-occurrence. This study clearly demonstrated that the AR is fully
functional in recurrent androgen-independent tumor after androgen
withdrawal. Later on, the critical role of the AR molecule was further
determined in a more comprehensive analysis (68). Firstly, AR expression at
both transcriptional and translational levels was determined in seven xenograft
models, and the results showed that the most profound alteration after
castration was a dramatic increase of AR mRNA and protein levels. Secondly,
the causative role of increased AR expression on androgen-independent
transition was tested. As expected, enhanced AR expression significantly
promoted cell growth under androgen deprivation condition in cell culture,
castration condition in xenograft mice model, or even in the presence of anti-
androgens. Thirdly, the mechanism involved in AR-mediated progression was
studied, and the data indicated that the AR was still ligand dependent for its
transactivation and the genomic effect is necessary for AR-mediated androgen-
independent transition. Taken together, these studies established that the AR is
playing a critical role in prostate cancer progression.

In considering its functional role of the AR in prostate cancer progression,
targeting the AR but not the androgenic hormone becomes more realistic in
terms of therapeutic strategy. Most recently, in an effort to develop novel
therapies for prostate cancer, we used the RNA interference technique to
silence the AR expression in prostate cancer cells. Several small-interfering
RNA (siRNA) duplexes were created and tested for knocking down AR
protein. In addition to cell arrest as reported previously (68), surprisingly, a
massive apoptotic cell death was observed after siRNA transfection in AR-
native prostate cancer cells regardless of their androgen dependency (69). This
is the first report showing a direct link between AR molecule and cell death in
prostate cancer cells, which further confirmed previous reports that the AR is
the key molecule in cellular survival of prostate cancer cells.

Androgen receptor and its expression

The androgenic hormones transmit their regulatory signals to the nucleus
through the cognate androgen receptor (AR), which is a ligand-activated
transcription factor and a member of the nuclear receptor superfamily. The AR
is a member of nuclear receptor superfamily produced from a single-copy 90-
kilobase pair (kbp) gene located on the X chromosome at Xql1l-12 (65).
Without androgen stimulation, the AR is inactive and sequestered in the
cytoplasm as a multiprotein complex with heat shock proteins and
immunophilins. After the receptor binds androgens, the AR is disassociated
from the multiprotein complex, and it undergoes a conformational change,
homodimerization such that a nuclear localization signal (NLS) present in the
receptor structure is exposed, allowing import of the ligand bound AR to the
nucleus. Binding of importins to the exposed NLS is needed for this translocation
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process. The transcriptionally active AR accumulates within a subnuclear
compartment that is microscopically visualized as nuclear foci (70).

During the development and progression of prostate cancer, multiple
alterations occur in the AR molecule and its signaling pathway, including
genetic mutations, gene amplification, protein overexpression and functional
deregulations. In clinical settings, almost all the prostate cancers express the
AR except for the small cell carcinomas, and no correlation was found
between the AR expressing levels and clinical outcome. However, compared to
primary cancers, hormone-refractory cancers display an increased AR
expression at both mRNA and protein levels (20, 72-73). In a recent study
using matched paired hormone-sensitive and resistant tumors (74), the copy
numbers of AR locus on X chromosome was found to increase in 20% (10 out
of 49) cases while only 2% (1 out of 48) of primary tumors displayed multiple
AR copies. Consistently, tumors with higher copies of the AR gene showed
significant high level of AR protein level in those matched cases. In addition,
overexpression of AR protein was also detected in 35% of cases lacking AR
gene amplification, indicating that alternative mechanisms exist for the
increase of AR protein levels (i.e. decrease in degradation or increase in
stabilization). In deed, enhanced stabilization of AR protein was found to be
associated with the development of hormone-refractory tumor in a mouse
xenograft model (75), resulting in hypersensitivity to castrated levels of
androgens. In a well-designed PCR-based study (76), AR expression at the
MRNA level was determined based on the cell type using cell type-specific
RNA references. Compared to normal prostate tissues and localized primary
tumors, epithelial levels of AR mRNA were significantly higher in hormone-
refractory tumors. However, there is no significant difference in AR levels
between normal tissues and primary tumors. Another group also reported
similar results based on a cDNA microarray analysis using patient cancer
tissues (77). Since expression of some AR-regulated genes (i.e. PSA and PAP)
were not up-regulated in those cases with AR amplification (74), it is not clear
if the increased AR expression levels reflect the likelihood of hormone
refractory transition. Otherwise, increased AR expression might be involved in
other signaling pathways that are responsible for hormone refractory
progression of the disease.

Androgen-stimulated AR transactivation

Currently, the regulation of ligand-induced AR transactivation in a target
cell is only partially understood, and most of the proposed mechanisms for AR
transactivation are based on the work for the GR, a glucocorticoid receptor,
which is a close-related member in structure to the AR (21). Classically, in
response to androgen stimulation (binding), cytoplasmic localized AR is
dissociated from the chaperon heat shock protein 70/90, phosphorylated and
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then translocated into nuclear compartment for its genomic actions after
interaction with chromatin although a DNA binding-independent mechanism
for AR transactivation was also reported (78), and a recent review article
exclusively summarized this part of current understanding (79).

In a tempt to dissect the mechanisms involved in androgen-induced AR
transactivation, we recently demonstrated that androgen-induced AR
transactivation involves two major cellular signaling molecules,
phosphoinositide 3-OH kinase (Pl 3-kinase, PI3K) and glycogen synthesis
kinase-3p (GSK-3B) (80-81), which is consistent with previous reports
(82-83). Inhibition of their function using specific inhibitors or using small
interference RNA approach to knock down GSK-3B protein expression
resulted in a suppression of androgen-mediated gene reporters or endogenous
gene expression but not nuclear translocation of the receptor. Androgen
treatment increased GSK-3p tyrosine phosphorylation that is associated with
its enzymatic activity, while pretreatment with PI3K inhibitor abolished
androgen-induced GSK-3p activation. The mechanism involved in androgen-
mediated PI3K activation is under further investigation; however, a possible
involvement of guanine nucleotide-binding proteins (G-protein) has emerged
(84-86). Androgen-induced AR-responsive reporter activity was enhanced by
overexpression of a Rho guanine nucleotide dissociation inhibitor (RDIla) (84-
85), which is a negative regulator of small G-protein RhoA. Previous reports
showed that RhoA can down-regulate PI3K activity (87-88). In addition, the
trimeric G-protein subunits alpha-s and -q were reported to enhance AR
transactivation when only a trace level of androgen is available (86), suggests
that G-proteins are providing both positive and negative signals to androgen-
mediated AR transactivation (89-90).

Androgen-regulated genes

As a transcription factor, ligand-activated AR interacts with chromatin at
the androgen response element (ARE) in a given target gene promoter/enhancer
region and regulates gene expression in cooperation with the general
transcription machinery. The molecular communication between the AR and
transcription machinery was recently reviewed elsewhere (91), thus we will
focus on the target gene groups regulated by the AR.

As discussed above, androgens, acting via the AR, are central to prostate
development and carcinogenesis, and understanding AR-regulated genes at the
molecular basis in prostate cancer will potentially improve patient care and
outcome. Using a high-through put genomic scale analysis, AR-regulated
genes in prostate cancer, cell lines or patient tissues, were determined by
several research teams (77, 92-94), and the listed genes were verified at the
transcription level by RT-PCR or at protein level by Western blot and
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immunostaining. In general, there are five groups of genes stimulated by
androgen treatment, including cell proliferation, differentiation, apoptosis,
metabolism, and secretory activity (79, 92-94). All prostate-derived
AR-positive cancer cell lines, regardless of their androgen-dependency or AR
mutation, displayed similar pattern of gene expression after androgen
stimulation, indicating conservation of specific androgen responsiveness (92).
The majority of androgen-stimulated genes are those involved in prostatic
secretory fluid, which is the main function of the prostate gland (92). In two
other reports, changes of AR-regulated genes were determined after androgen
ablation or AR elimination (77, 95). In human prostate cancer cell LNCaP,
androgen ablation or AR elimination by antisense approach resulted in several
concordances in terms of gene expression alteration, including genes related to
proliferative and cell cycle machinery, and fatty acid metabolism. However,
some differences were also revealed. For example, AR elimination led to
profound downregulation of insulin-like growth factor binding protein 2
(IGFBP-2) and the phosphatidylinositol-4-phosphatase 5-kinase type | alpha
(PIP5KIA), while androgen blockage induced a dramatic change in the
expression of the prostate overexpressed gene 1 and the S100 calcium binding
protein P (S100P). These results suggest that a functional difference exits
between androgen ablation and AR elimination (95).

Progressing to hormone refractory is currently a critical issue for curing
prostate cancers, and understanding the genes that abnormally expressed in
those late stage tumors will provide potential therapeutic targets. A recent
study performed a genome-wide analysis of human prostate cancers during
androgen ablation therapy (77), and they found that the hormone-refractory
tumors showed a similar overall expression profiles as the untreated primary
tumors in a hierarchical clustering algorithm analysis. These results indicate
that a reversal event occurred when the tumor progresses to hormone
refractory stage. In this process the effect of androgen ablation on prostate
cancer cells disappeared and the AR signaling is reactivated (77, 94).
However, a unique set of genes was also identified from those refractory
tumors, in which increased AR expression is the most profound one that may
contribute to the reactivation of the AR signal pathway. Another intriguing
finding is that several genes involved in steroid precursor synthesis also
increased in hormone refractory tumors.

Androgen receptor-mediated survival pathways
Apoptosis, or programmed cell death is a well-conserved process whose
basic tenets remain common to all metazoans (96-97). It is usually controlled
by two major execution pathways: the death receptor pathway or so-called
extrinsic pathway; and the mitochondrial or intrinsic pathway. The extrinsic
pathway is activated by binding of ligand to the death receptors located at the
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plasma membrane such as the receptors for Tumor Necrosis Factor o, (TNF-a),
Fas ligand and TNF-a-related apoptosis-inducing ligand (TRAIL).
Intracellular organelles, like mitochondria, are key participants in apoptosis.
The main aspects of mitochondrial involvement in apoptotic process include
two critical events, the release of mitochondrial proteins such as cytochrome ¢
and the onset of multiple parameters of mitochondrial dysfunction such as loss
of membrane potential.

In addition to the development in embryonic stage, the proliferation and
differentiation in puberty and the physiological function in adulthood of the
prostate gland, androgens are also critical for survival to the prostatic epithelial
cell throughout its entire life. It is well demonstrated that the prostate gland
responding to castration in rodent models or human cell lines responding to
androgen deprivation or antiandrogens have shown a rapid apoptosis of
the prostate epithelial cells, resulting in an extensive glandular regression
(98-100). There is now evidence for a critical role of AR-mediated signaling
pathway in cellular survival, although other AR bypassing pathways including
castration-reduced blood flow are also emerging (101-102). The castration
effects on blood flow to the prostate gland seem to be related to vascular
degeneration associated with apoptosis of a subset of prostate endothelial cells
(103). However we will mainly discuss the AR-mediated signaling pathways
involved in cellular survival of prostate cancer. Currently only a few
downstream targets involved in this pathway are identified.

Functioning as a nuclear transcription factor, the AR mainly exerts its
effect through regulation of gene expression or so-called genomic effect
although a DNA binding-independent mechanism was reported for AR
transactivation by triggering of AR coactivators in some circumstances (78).
Consistent with this notion, introduction of synthetic “decoy” androgen
response element (ARE) oligonucleotides induced cell death in human prostate
cancer LNCaP cells (104). On the other hand, a non-genomic effect of the AR
through a protein-protein interaction mechanism on cell survival was also
reported recently (105). Based on this knowledge AR-mediated survival
pathways might be summarized in two aspects: genomic and non-genomic
effects.

Cell cycle progression and cellular proliferation are controlled by cyclins,
cyclin-dependent kinases (CDKs), and CDK inhibitors (CDKIs). CDKs are
sequentially activated upon association with their partner cyclins. There are
two checkpoints in each cell cycle: the G1/S checkpoint controls initiation and
completion of DNA replication, and the G2/M checkpoint controls mitosis and
cell division (106-107). Functional regulation of cyclin/CDK complexes by its
inhibitors (CDKIs) is critical for cell cycle regulation at or before the
checkpoints. There are two groups of CDKIs that control the checkpoints. The
first one comprises p16™<** and p15™ **, as well as p18 and p19 (106). Each
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of these genes encodes a protein that specifically inhibits CDK4 and CDKB6.
Another group of CDKIs consists of p21WAPYC!™L p274""! and p57X'*?, which
has considerable sequence homology and can inhibit all CDKs (106). In
addition to G1 phase cyclins (cyclin A and B1) and CDKs such as CDK1,
CDK2, CDK4 (95-96), CDKI p16™F* and p21WAFYC!™L are also regulated by the
AR in prostate cancer cells (108-112).

The CDK inhibitor p21""A"¥“""! is a multi-function protein involving in cell
proliferation, DNA repair and survival (106, 113-114). Although there are some
evidences from the clinical studies and mouse xenograft models that p21"/A/c1P*
is involved in prostate cancer progression (116-122), its actual role in this
process is still controversial. In experimental situations, opposite findings were
reported (110-111, 114, 123). Earlier studies showed that p21"VA"/'* expression
is stimulated by androgen treatment at a transcriptional level and an androgen
responsive element (ARE) was identified in the promoter region of p21 gene.
Meanwhile, the basal level of p21"A*/°""! protein increased and was further
enhanced by androgen stimulation in androgen-independent LNCaP sublines
compared to its parental cell line (110-111). The authors stated that AR-mediated
p21WAFYCIPL eypression might participate in androgen-induced antiapoptotic
effect. On the other hand, some other reports provided evidences that p21 is
inversely correlated with cell survival during prostate cancer progression (114,
123). Overexpression of p21VA/"L in prostate cancer cells not only resulted in
cell arrest but also caused a significant apoptotic cell death (114). During the
transition from androgen dependent to independent stage, AR expression
increases but p21"VA"! level decreases in parallel in LNCaP cells. Meanwhile,
a functional link between the AR and p21"A*Y“""! expression was established by
the fact that androgen treatment reduced largely the p21"VA"/“"" protein level and
inhibited p21"AF“™ promoter activity via the putative ARE motif located in the
promoter region. Furthermore, elimination of AR protein by an antisense
oligonucleotide enhanced p21VAF“®L  promoter activity and increased
p21WAFYCIPL nrotein level in androgen-independent LNCaP cells (123). These
evidences indicate p21"VA"/"™ as an inducer of apoptotic cell death in prostate
cancer cells, which is totally controversial with the aforementioned conclusion
and is just exactly like the role of p21"VA"/™L jtself in cell survival or death
depending on cellular condition and stimuli (123-124).

The second downstream target involved in AR-mediated survival is the
forkhead transcription factors in rhabdomyosarcoma (FKHR) family member
FOXO1 (105, 125). The FKHR family proteins play an important role in many
cellular processes including cell proliferation through regulation of CDK
inhibitor p274* and D-type cyclones (126-127), cyclin B and polo-like kinase
(128), as well as cyclin G2, EXT1 and Wip1 (129). This group of proteins is
also involved in cell survival by up-regulating pro-apoptotic proteins such as
Fas ligand, the insulin-like growth factor-binding protein 1 (IGFBP-1) and
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Bcl-2 family protein Bim (129-135), as well as interacting with peroxisome
proliferative activated receptor-gamma co-activator 1 (PGC-1, a transcription
co-activator). In deed, overexpression of active FKHR leads to apoptotic cell
death in human prostate cancer LNCaP cells (131, 137).

Two different mechanisms were proposed for AR-mediated survival
through inhibition of FKHR action, AR interaction with FKHR (105) and AR-
mediated FKHR degradation (125). In AR-null prostate cancer DU145 cells,
overexpressed AR inhibited FKHR-mediated gene expression and cell death,
which was not due to a competition of AR with FKHR for transcription co-
factors but due to a complex formation between AR and FKHR. This
interaction was also confirmed in an in vitro protein binding assay (105).
However, AR-mediated enhancement of FKHR degradation was reported in
LNCaP cells that express a native mutant AR gene. When the cells were treated
for a rather long period of time (48-72 hours) with androgen, a cleavage
fragment (p60) of FKHR protein was detected while a 24-hr treatment of
androgen did not cause any changes of FKHR protein (105). Proteomic
approach confirmed that the fragment is a c-terminal truncation of FKHR
protein, which was cleaved by lysosomal acidic cysteine protease. This
truncated form of FKHR in turn inhibits the function of the intact form of
FKHR (125). Due to the heterogeneous feature of prostate cancers (138), both
mechanisms for AR-mediated FKHR inhibition needs further verification.

The Bcl-2 family proteins are critical regulators that directly control the
mitochondria function and consist of both pro- and anti-apoptotic members
(reviewed in Ref. 139). Bax, Bak, and Bok are proapoptotic members, as are
the BH3-domain only members such as Bad, Bik, Bim, and Bid. Antiapoptotic
members include Bcl-2 and Bcl-x,, Bel-w, Mcl-1, and etc. It is believed that
the relative levels of pro- and anti-apoptotic members are the key determinants
in the regulation of cell death and survival. Bcl-2 protein was once reported to
be elevated by androgen treatment in LNCaP cells in an earlier study (140),
which was not confirmed by later reports (141-143). In contrast, Bcl-2
expression was found to increase after androgen ablation therapy, serving as a
potential mechanism for androgen-independent progression of prostate cancer
(reviewed in Ref. 144).

As another major anti-apoptotic member of Bcl-2 family, Bcl-x, was
recently identified by our group as a downstream effecter of AR-mediated cell
survival pathway (69). As described earlier, in parallel to AR silencing and cell
death, Bcl-x_ was the only member of Bcl-2 family proteins that was down-
regulated. Consistently, enforced overexpression of Bcl-x, partially protected
cell death induced by the AR siRNA. More convincingly, our unpublished data
showed that androgen treatment increased Bcl-xL expression at the
transcription level, and the AR was found to bind to a putative androgen
response element in the promoter region of human bcl-x gene (Fig 1). Taken
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Figure 1. Androgen stimulates Bcl-xL gene expression via an AR-dependent
mechanism. (A) After serum starvation for 24 h, LNCaP cells were treated with R1881
(2.0 nM) in the present or absent of bicalutamide (10 uM) for another 24 h. Cells were
harvested and Bcl-xL protein level was determined by Western blot, and Actin blot
served as loading control. (B) LNCaP cells were co-transfected with a luciferase
reporter construct pBcl-xL-LUC together with an internal control reporter construct
pCMV-SEAP overnight and then were serum-starved for 24 h. The solvent ethanol
(control), R1881 in different doses as indicated or IGF-1 (10 ng/ml) alone was added
once in the culture media containing 2% cFBS for another 24 h (left-half panel) or for
several different time-points as indicated (right-half panel). Luciferase or SEAP
activities were measured, and the luciferase activity was presented as fold induction
against control sample after normalized with protein content and SEAP activity. (C)
ChlP assay. LNCaP cells were serum-starved for 24 h and then untreated or treated with
R1881 (1.0 nM) for 18 h in the presence or absence of the antiandrogen bicalutamide
(10 uM). Binding of AR to the bcl-x promoter was determined with the ChIP assay as
described in the text (lanes 7-9). As controls, sample lysates were also incubated with a
normal rabbit serum IgG (lanes 4 and 6). Lanes 1 and 3 represent input signals obtained
from 1% input chromatin. IP Ab, immunoprecipitation antibody.

together, our work demonstrated that Bcl-xL is a downstream target involved
in AR-mediated cell survival in prostate cancer cells.

The fourth downstream target in AR-mediated survival is the c-FLIP
(cellular FLICE-like inhibitory protein). FLICE [FADD (Fas-associated death
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domain)-like interleukin-1B-converting enzyme] is one of the former names
for caspase-8, which is one of the initial caspases (Caspase-2, -8, -10) involved
in death receptor-mediated apoptosis (145-146). There are two variants of c-
FLIP, short and long isoforms and most of the studies were dealt with the long
form (c-FLIP.) (146). Like caspase-8, c-FLIP_ contains N-terminal tandem
death effecter domains (DEDSs), but its caspase domain is enzymically inactive
that differs from caspases-8. In contrast, c-FLIPs only has two N-terminal
DEDs that are very similar to the prodomains of caspase-8. Since the structural
similarity, c-FLIPL is believed as an ideal inhibitor of death receptor-mediated
apoptosis pathway. This concept was supported by data such that c-FLIP
knockout mouse embryonic fibroblasts (MEFs) are more sensitive to death-
receptor-induced apoptosis (147).

Almost all prostate-derived cancer cell lines are resistant to death receptor-
mediated apoptosis compared to leukemia cells (148); however, this resistance
can be reversed by additional reagents, for example, glycogen synthesis
kinase-33 (GSK-3B) inhibitors as seen in our recent publication (149). In
attempt to identify any gene alterations during castration-induced apoptosis in
rat prostate, mMRNA levels of genes encoding components of death receptor-
mediated apoptosis pathway were analyzed using a quantitative real-time
RT-PCR technique (150). The mRNA level for c-FLIP was the only one that
reduced dramatically within the first 12 hours after castration, while the
MRNA level of its interaction partner caspases-8 was not changed. Most
interestingly, androgen administration to castrated animals restored the c-FLIP
expression to normal levels, indicating an androgen-dependent regulation.
Consistently, another report showed that androgen treatment activates c-FLIP
promoter activity and gene expression in prostate cancer cells; and the AR is
indeed recruited to the promoter region of human c-FLIP gene and several
putative androgen response elements were identified (151). Overexpression of
c-FLIP in prostate cancer cells confers its resistance to death receptor-induced
apoptosis and promotes tumor progression in a mouse xenograft model (151-
152). These reports are also somewhat in agreement to our findings that
prostate cancer cells can be sensitized to death-receptor-mediated apoptosis by
suppression of GSK-3p activity (149); meanwhile, GSK-3p activity is required
for androgen-induced AR transactivation (81) although c-FLIP expression was
not determined in our work.

Androgen receptor-related survival pathways

In recent years, androgen receptor-mediated non-genomic effect on
multiple signaling pathways has emerged as an alternative mechanism for
androgen action (153). In androgen-sensitive epithelial cells including prostate
cancer LNCaP cells, the AR interacts and activates a major cellular signaling
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cascade, the phosphoinositide 3-OH kinase (Pl 3-kinase)-protein kinase B (also
called Akt) signaling pathway (154-157). It has been very clear that P1-3k-Akt
pathway plays an important role in providing cells with a survival signal that
allows them to withstand apoptotic stimuli (reviewed recently in ref. 158-159).
Upon activation, PI3K produces more lipid products such as
phosphatidylinositol 3, 4, 5-trisphosphate and phosphatidylinositol 3, 4-
bisphosphate on the inner surface of the plasma membrane, which is
responsible for Akt activation (160-162). In contrast, a dual phosphatase PTEN
(phosphatase and tensin homologue deleted from chromosome 10)
dephosphorylates lipid products produced by the PI3K (163), resulting in
inactivation of PI3K-Akt cascade. Somatic mutation or deletion of PTEN is a
rather common event in solid tumors including prostate cancer (164-165),
causing elevated levels of Pl 3-kinase products and overactive Akt cascade. As
a result those tumor cells are relatively resistant to apoptosis (166).

In early studies, the PI3K-Akt cascade was demonstrated as a dominant
survival signal in a cell culture or mouse xenograft model based on LNCaP
line harboring a mutant PTEN gene (167-169). Inhibition of the PI3K-Akt
pathway but not other signal pathways caused a rapid apoptotic response,
which was attenuated by androgen addition. This observation was confirmed
by other reports (170-171). During the androgen independent transition after
removal of androgens from the culture, LNCaP cells showed an increased level
of PI3K-Akt cascade activity, indicating a compensational change had
emerged. Increased Akt activity, enhanced phosphorylation of Akt downstream
targets including pro-apoptotic Bcl-2 protein Bad, and diminished expression
of CDK inhibitor p27* were observed in androgen-independent tumors,
indicating their association with prostate cancer progression (168-169, 171).
Although the mechanism responsible for androgen protection of PI3K
inhibitor-induced apoptosis remains largely unknown, a possible role of
Bel-x, was suggested (172). Ectopic overexpression of Bcl-x_ protein
protected LNCaP cells from PI3K inhibitor-induced cell death, indicating Bcl-
X, is mediating a PI3K/Akt-independent survival cascade. In our recent study
we demonstrated that Bcl-x, is a downstream target of the AR survival
pathway (69), which provides a possible mechanism in androgen protection
against PI3K inhibition-induced cell death.

Targeting the AR as a novel strategy in prostate

cancer therapy

Currently androgen-independent (or so-called hormonal refractory) phenotype
is the major obstacle to curing prostate cancers. Androgen ablation by
chemical or surgical approaches and AR blockage by anti-androgens have been
shown to fail in controlling the disease (173). In certain circumstance, removal
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of anti-androgens has been reported to result in regression of the disease
(termed as androgen withdrawal syndrome, reviewed in ref. 51). Thus novel
therapeutic strategies that target the disease at a molecular level are desirable
to prevent or disrupt its progression.

As discussed above, the AR has been demonstrated as a critical molecule
in prostate cancers, and then shifting the therapeutic target from androgens to
the AR itself will be more realistic and efficient in terms of erasing its action
on disease progression (174). A group from Austria reported recently that
using an antisense oligonucleotide approach against the AR resulted in a
significant inhibition of cell proliferation in vitro (175) and tumor growth in
vivo (176). Among various oligonucleotides with different sizes and targeting
segments on the AR sequence, a 15-base oligonucleotide targeting the CAG
repeats was identified to be most effective in suppressing AR protein level in
an LNCaP cell-based in vitro assay. Treatment of the cells with the particular
oligonucleotides for 24 hours caused a more than 90% reduction of AR
expression. Cell proliferation and PSA secretion were significantly inhibited.
A similar effect was also observed in LNCaP-derived subline that has an
androgen-independent phenotype. This antisense oligonucleotide was also used
in a mouse xenograft model derived from LNCaP cells. Surgical implantation
of a diffusion pump containing the oligonucleotides near the xenograft for 7
weeks resulted in around 40% reduction in tumor weight compared to control
groups. However, no significant cell death was observed after antisense
oligonucleotides treatment compared to control group although the cell
proliferation maker Ki67 was found to be correlated with tumor size. These
pioneer works pointed out that targeting the AR might be a permissive
approach for curing prostate cancers although more improvements are needed
to enhance its efficiency.

Targeting the AR for prostate cancer treatment is also the major focus of
our group. Using a more efficient and gene-specific silencing approach, RNA
interference, we demonstrated that silencing AR expression in native AR-
positive prostate cancer cells led to a massive cell death (69). Using a
computer-based design tool (OligoEngine™, www.oligoengine.com), we
synthesized several small interfering RNA (siRNA) duplexes and tested them
on different prostate cancer cell lines. Of 34 siRNA duplexes, we identified 4
duplexes that efficiently knocked down AR expression in mRNA and protein
levels by 3-4 days after transfection. To our surprise, in addition to cell
arrested as reported by others using AR siRNA (68, 177), a massive apoptotic
cell death was observed when the siRNA-transfected cells were kept in a
hormone-free condition for up to 4 days. Only a tract percentage of cells could
survive after 12 days under the condition. These phenomena occurred in all
AR-positive prostate cancer cells regardless of their androgen dependency.
However, no cell death was induced in AR-null prostate cancer cells or such
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Figure 2. Schematic illustration of the proposed mechanism of AR transactivation
in prostate cancer. Upon androgen binding, the AR is dissociated from the chaperon
heat shock proteins (HSP) and then translocated into the nuclear as an antiparallel
homodimer after a conformational change. In addition, androgen treatment also results
in PI3K activation, possibly via G-proteins, which in turn leads to GSK-3f3 tyrosine
phosphorylation through unknown mechanism. Finally, activated GSK-3f regulates the
assembly of AR-mediated transcriptional complex in the nuclear.

cells that were even reconstituted with an exogenous AR gene, indicating the
AR-null cells escaped already from AR control for survival. In addition, no
cell death was found in breast cancer cells although they are AR-positive,
suggesting a cell-specificity for AR-mediated survival. These results suggested
that targeting the AR with the siRNA approach is a powerful therapeutic
measurement to treat prostate cancers at any stage as long as they express
the AR.

Conclusion

Prostate cancer is a major health threat to Western men, and currently no
efficient cure exists when it becomes resistance to androgen ablation therapy.
The AR gene as well as its protein product is the only one constantly and
profoundly upregulated during progression of the disease. In prostate
epithelium or its cancerous compartment, the AR controls most of the aspects
of cell fate including proliferation, differentiation, secretion and survival.
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During the development and progression of prostate cancer, the AR is always a
critical molecule. Overexpressed AR promotes cell growth under a trace level
of androgen via its genomic effects. Under castration condition, the AR is still
active in cancer cells after reoccurrence in vivo but the mechanisms are not
fully clear. Blocking its function using a specific antibody or reducing its
expression using a gene-specific ribosome or antisense oligonucleotides led to
growth inhibition both in vitro and in vivo. Silencing the AR gene using a more
efficient approach, RNA interference, could induce a massive cell death after a
short period of growth inhibition. AR siRNA-induced cell death was observed
in both androgen-dependent and -independent prostate cancer cell lines but not
in AR-null prostate cancer cells or none-prostate cells. The siRNA-based
approach might be a permissive measurement for curing prostate cancers
although further testing in a mouse xenograft model is desirable.

Reference

1. Jemal A, Murray T, Ward E, Samuels A, Tiwari RC, Ghafoor A, Feuer EJ, Thun
MJ. Cancer statistics, 2005. CA Cancer J Clin. 2005; 55(1):10-30.

2. Porkka KP, Visakorpi T. Molecular mechanisms of prostate cancer. Eur Urol.
2004; 45(6):683-91.

3. Meyer HA, Ahrens-Fath I, Sommer A, Haendler B. Novel molecular aspects of
prostate carcinogenesis. Biomed Pharmacother. 2004; 58(1):10-6.

4. DeMarzo AM, Nelson WG, lIsaacs WB, Epstein JI. Pathological and molecular
aspects of prostate cancer. Lancet. 2003; 361(9361):955-64.

5. Navarro D, Luzardo OP, Fernandez L, Chesa N, Diaz-Chico BN. Transition to
androgen-independence in prostate cancer. J Steroid Biochem Mol Biol. 2002;
81(3):191-201.

6. Arnold JT, Isaacs JT. Mechanisms involved in the progression of androgen-
independent prostate cancers: it is not only the cancer cell's fault. Endocr Relat
Cancer. 2002; 9(1):61-73.

7. Feldman BJ, Feldman D. The development of androgen-independent prostate
cancer. Nat Rev Cancer. 2001; 1(1):34-45.

8. Sadar MD, Hussain M, Bruchovsky N. Prostate cancer: molecular biology of early
progression to androgen independence. Endocr Relat Cancer. 1999; 6(4):487-502.

9. Craft N, Sawyers CL. Mechanistic concepts in androgen-dependence of prostate
cancer. Cancer Metastasis Rev. 1998-99; 17(4):421-7.

10. Montironi R, Scarpelli M, Lopez Beltran A. Carcinoma of the prostate: inherited
susceptibility, somatic gene defects and androgen receptors. Virchows Arch. 2004;
444(6):503-8.

11. Rubin MA, De Marzo AM. Molecular genetics of human prostate cancer. Mod
Pathol. 2004; 17(3):380-8.

12. Ntais C, Polycarpou A, Tsatsoulis A. Molecular epidemiology of prostate cancer:
androgens and polymorphisms in androgen-related genes. Eur J Endocrinol. 2003;
149(6):469-77.

13. Gsur A, Feik E, Madersbacher S. Genetic polymorphisms and prostate cancer risk.
World J Urol. 2004; 21(6):414-23.



16

Benyi Li & J. Brantley Thrasher

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Visakorpi T. The molecular genetics of prostate cancer. Urology. 2003; 62(5 Suppl
1):3-10.

Coughlin SS, Hall 1J. A review of genetic polymorphisms and prostate cancer risk.
Ann Epidemiol. 2002; 12(3):182-96.

Culig Z, Klocker H, Bartsch G, Hobisch A. Androgen receptor mutations in
carcinoma of the prostate: significance for endocrine therapy. Am J
Pharmacogenomics. 2001; 1(4):241-9.

Nelson KA, Witte JS. Androgen receptor CAG repeats and prostate cancer. Am J
Epidemiol. 2002; 155(10):883-90.

Cude KJ, Dixon SC, Guo Y, Lisella J, Figg WD. The androgen receptor: genetic
considerations in the development and treatment of prostate cancer. J Mol Med.
1999; 77(5):419-26.

Heinlein CA, Chang C. Androgen receptor in prostate cancer. Endocr Rev. 2004;
25(2):276-308.

Taplin ME, Balk SP. Androgen receptor: a key molecule in the progression of
prostate cancer to hormone independence. J Cell Biochem. 2004; 91(3):483-90.
Chatterjee B. The role of the androgen receptor in the development of prostatic
hyperplasia and prostate cancer. Mol Cell Biochem. 2003; 253(1-2):89-101.

Culig Z. Role of the androgen receptor axis in prostate cancer. Urology. 2003; 62(5
Suppl 1):21-6.

So Al, Hurtado-Coll A, Gleave ME. Androgens and prostate cancer. World J Urol.
2003; 21(5):325-37.

Sommer A, Haendler B. Androgen receptor and prostate cancer: molecular aspects and
gene expression profiling. Curr Opin Drug Discov Devel. 2003; 6(5):702-11. Review.
Lee HJ, Chang C. Recent advances in androgen receptor action. Cell Mol Life Sci.
2003; 60(8):1613-22.

Culig Z, Klocker H, Bartsch G, Steiner H, Hobisch A. Androgen receptors in
prostate cancer. J Urol. 2003; 170(4 Pt 1):1363-9.

Cronauer MV, Schulz WA, Burchardt T, Anastasiadis AG, de la Taille A,
Ackermann R, Burchardt M. The androgen receptor in hormone-refractory prostate
cancer: relevance of different mechanisms of androgen receptor signaling
(Review). Int J Oncol. 2003; 23(4):1095-102.

Hirawat S, Budman DR, Kreis W. The androgen receptor: structure, mutations, and
antiandrogens. Cancer Invest. 2003; 21(3):400-17.

Suzuki H, Ueda T, Ichikawa T, Ito H. Androgen receptor involvement in the
progression of prostate cancer. Endocr Relat Cancer. 2003; 10(2):209-16.

Baldi E, Bonaccorsi L, Forti G. Androgen receptor: good guy or bad guy in
prostate cancer invasion? Endocrinology. 2003; 144(5):1653-5.

Huang H, Tindall DJ. The role of the androgen receptor in prostate cancer. Crit
Rev Eukaryot Gene Expr. 2002; 12(3):193-207.

Culig Z, Klocker H, Bartsch G, Hobisch A. Androgen receptors in prostate cancer.
Endocr Relat Cancer. 2002; 9(3):155-70.

Gelmann EP. Molecular biology of the androgen receptor. J Clin Oncol. 2002;
20(13):3001-15.

Buchanan G, Irvine RA, Coetzee GA, Tilley WD. Contribution of the androgen
receptor to prostate cancer predisposition and progression. Cancer Metastasis Rev.
2001; 20(3-4):207-23.



AR-induced cell survival 17

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Grossmann ME, Huang H, Tindall DJ. Androgen receptor signaling in androgen-
refractory prostate cancer. J Natl Cancer Inst. 2001; 93(22):1687-97.

Eder IE, Culig Z, Putz T, Nessler-Menardi C, Bartsch G, Klocker H. Molecular
biology of the androgen receptor: from molecular understanding to the clinic. Eur
Urol. 2001; 40(3):241-51.

Montgomery JS, Price DK, Figg WD. The androgen receptor gene and its
influence on the development and progression of prostate cancer. J Pathol. 2001;
195(2):138-46.

Lamb DJ, Weigel NL, Marcelli M. Androgen receptors and their biology. Vitam
Horm. 2001; 62:199-230.

Gnanapragasam VJ, Robson CN, Leung HY, Neal DE. Androgen receptor
signaling in the prostate. BJU Int. 2000; 86(9):1001-13.

Culig Z, Hobisch A, Bartsch G, Klocker H. Expression and function of androgen
receptor in carcinoma of the prostate. Microsc Res Tech. 2000; 51(5):447-55.
Rahman M, Miyamoto H, Chang C. Androgen receptor coregulators in prostate
cancer: mechanisms and clinical implications. Clin Cancer Res. 2004; 10(7):2208-19.
Heinlein CA, Chang C. Androgen receptor (AR) coregulators: an overview.
Endocr Rev. 2002; 23(2):175-200.

Roberts CT Jr. IGF-1 and prostate cancer. Novartis Found Symp. 2004; 262:193-9;
discussion 199-204, 265-8.

Daaka Y. G proteins in cancer: the prostate cancer paradigm. Sci STKE. 2004;
2004(216):re2.

Suh J, Rabson AB. NF-kappaB activation in human prostate cancer: important
mediator or epiphenomenon? J Cell Biochem. 2004; 91(1):100-17.

Weber MJ, Gioeli D. Ras signaling in prostate cancer progression. J Cell Biochem.
2004; 91(1):13-25.

Ghosh PM, Malik S, Bedolla R, Kreisberg JI. Akt in prostate cancer: possible role
in androgen-independence. Curr Drug Metab. 2003; 4(6):487-96.

Mendelsohn LG. Prostate cancer and the androgen receptor: strategies for the
development of novel therapeutics. Prog Drug Res. 2000; 55:213-33.

Santos AF, Huang H, Tindall DJ. The androgen receptor: a potential target for
therapy of prostate cancer. Steroids. 2004; 69(2):79-85.

Closset J, Ammar H, Nguyen VH, Cornet A, Reiter E. New features in the
treatment of androgen-independent prostate cancer. Curr Pharm Des. 2004;
10(5):513-22.

Miyamoto H, Rahman MM, Chang C. Molecular basis for the antiandrogen
withdrawal syndrome. J Cell Biochem. 2004; 91(1):3-12.

Chung LW, Hsieh CL, Law A, Sung SY, Gardner TA, Egawa M, Matsubara S,
Zhau HE. New targets for therapy in prostate cancer: modulation of stromal-
epithelial interactions. Urology. 2003; 62(5 Suppl 1):44-54.

Martel CL, Gumerlock PH, Meyers FJ, Lara PN. Current strategies in the
management of hormone refractory prostate cancer. Cancer Treat Rev. 2003;
29(3):171-87.

Gleave M, Nelson C, Chi K. Antisense targets to enhance hormone and cytotoxic
therapies in advanced prostate cancer. Curr Drug Targets. 2003; 4(3):209-21.
Berrevoets CA, Umar A, Brinkmann AO. Antiandrogens: selective androgen
receptor modulators. Mol Cell Endocrinol. 2002; 198(1-2):97-103.



18

Benyi Li & J. Brantley Thrasher

56.

57.

58.

59.

60.

61.

62.
63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Zhou J, Scholes J, Hsieh JT. Signal transduction targets in androgen-independent
prostate cancer. Cancer Metastasis Rev. 2001; 20(3-4):351-62.

Mendelsohn LG. Prostate cancer and the androgen receptor: strategies for the
development of novel therapeutics. Prog Drug Res. 2000; 55:213-33.

Migliari R, Muscas G, Murru M, Verdacchi T, De Benedetto G, De Angelis M.
Antiandrogens: a summary review of pharmacodynamic properties and tolerability
in prostate cancer therapy. Arch Ital Urol Androl. 1999; 71(5):293-302.

Reid P, Kantoff P, Oh W. Antiandrogens in prostate cancer. Invest New Drugs.
999;17(3):271-84.

Singh SM, Gauthier S, Labrie F. Androgen receptor antagonists (antiandrogens):
structure-activity relationships. Curr Med Chem. 2000; 7(2):211-47.

Foley R, Hollywood D, Lawler M. Molecular pathology of prostate cancer: the key to
identifying new biomarkers of disease. Endocr Relat Cancer. 2004; 11(3):477-88.

De Marzo AM, DeWeese TL, Platz EA, Meeker AK, Nakayama M, Epstein JI,
Isaacs WB, Nelson WG. Pathological and molecular mechanisms of prostate
carcinogenesis: implications for diagnosis, detection, prevention, and treatment. J
Cell Biochem. 2004; 91(3):459-77.

Huggins, C., and C.V. Hodges. Studies on prostatic cancer: The effects of
castration, of estrogen and of androgen injection on serum phosphatases in
metastaic carcinoma of the prostate. Cancer Res. 1941; 1:293-297.

Chang CS, Kokontis J, Liao ST. Molecular cloning of human and rat complementary
DNA encoding androgen receptors. Science. 1988; 240(4850):324-6.

Zegarra-Moro OL, Schmidt LJ, Huang H, Tindall DJ. Disruption of androgen
receptor function inhibits proliferation of androgen-refractory prostate cancer cells.
Cancer Res. 2002; 62(4):1008-13.

Zhang L, Johnson M, Le KH, Sato M, Ilagan R, lyer M, Gambhir SS, Wu L, Carey
M. Interrogating androgen receptor function in recurrent prostate cancer. Cancer
Res. 2003; 63(15):4552-60.

Chen CD, Welsbie DS, Tran C, Baek SH, Chen R, Vessella R, Rosenfeld MG,
Sawyers CL. Molecular determinants of resistance to antiandrogen therapy. Nat
Med. 2004; 10(1):33-9.

Liao X, Tang S, Griebling T, Thrasher B, and Li B. siRNA-mediated androgen
receptor silencing leads to apoptotic cell death in prostate cancer. Mol Cancer
Therapeutics, 2005, in press.

Roy AK, Tyagi RK, Song CS, Lavrovsky Y, Ahn SC, Oh TS, Chatterjee B.
Androgen receptor: structural domains and functional dynamics after ligand-
receptor interaction. Ann N Y Acad Sci. 2001; 949:44-57.

Ruizeveld de Winter JA, Janssen PJ, Sleddens HM, Verleun-Mooijman MC,
Trapman J, Brinkmann AO, Santerse AB, Schroder FH, van der Kwast TH.
Androgen receptor status in localized and locally progressive hormone refractory
human prostate cancer. Am J Pathol. 1994; 144(4):735-46.

Gottlieb B, Beitel LK, Wu J, Elhaji YA, Trifiro M. Nuclear receptors and disease:
androgen receptor. Essays Biochem. 2004; 40:121-36.



AR-induced cell survival 19

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Linja MJ, Visakorpi T. Alterations of androgen receptor in prostate cancer. J
Steroid Biochem Mol Biol. 2004; 92(4):255-64.

Edwards J, Krishna NS, Grigor KM, Bartlett JM. Androgen receptor gene
amplification and protein expression in hormone refractory prostate cancer. Br J
Cancer. 2003; 89(3):552-6.

Gregory CW, Johnson RT Jr, Mohler JL, French FS, Wilson EM. Androgen
receptor stabilization in recurrent prostate cancer is associated with
hypersensitivity to low androgen. Cancer Res. 2001; 61(7):2892-8.

Latil A, Bieche I, Vidaud D, Lidereau R, Berthon P, Cussenot O, Vidaud M.
Evaluation of androgen, estrogen (ER alpha and ER beta), and progesterone
receptor expression in human prostate cancer by real-time quantitative reverse
transcription-polymerase chain reaction assays. Cancer Res. 2001; 61(5):1919-26.
Holzbeierlein J, Lal P, LaTulippe E, Smith A, Satagopan J, Zhang L, Ryan C,
Smith S, Scher H, Scardino P, Reuter V, Gerald WL. Gene expression analysis of
human prostate carcinoma during hormonal therapy identifies androgen-responsive
genes and mechanisms of therapy resistance. Am J Pathol. 2004; 164(1):217-27.
Slagsvold T, Kraus I, Fronsdal K, Saatcioglu F. DNA binding-independent
transcriptional activation by the androgen receptor through triggering of
coactivators. J Biol Chem. 2001; 276(33):31030-6.

McEwan 1J. Molecular mechanisms of androgen receptor-mediated gene
regulation: structure-function analysis of the AF-1 domain. Endocr Relat Cancer.
2004; 11(2):281-93.

Liao X, Thrasher JB, Pelling J, Holzbeierlein J, Sang QX, Li B. Androgen
stimulates matrix metalloproteinase-2 expression in human prostate cancer.
Endocrinology. 2003; 144(5):1656-63.

Liao X, Thrasher JB, Holzbeierlein J, Stanley S, Li B. Glycogen synthase kinase-
3beta activity is required for androgen-stimulated gene expression in prostate
cancer. Endocrinology. 2004; 145(6):2941-9.

Manin M, Baron S, Goossens K, Beaudoin C, Jean C, Veyssiere G, Verhoeven G,
Morel L. Androgen receptor expression is regulated by the phosphoinositide 3-
kinase/Akt pathway in normal and tumoral epithelial cells. Biochem J. 2002;
366(Pt 3):729-36.

Li P, Nicosia SV, Bai W. Antagonism between PTEN/MMAC1/TEP-1 and
androgen receptor in growth and apoptosis of prostatic cancer cells. J Biol Chem.
2001; 276(23):20444-50.

Su LF, Knoblauch R, Garabedian MJ. Rho GTPases as modulators of the estrogen
receptor transcriptional response. J Biol Chem. 2001; 276(5):3231-7.

Su LF, Wang Z, Garabedian MJ. Regulation of GRIP1 and CBP Coactivator
activity by Rho GDI modulates estrogen receptor transcriptional enhancement. J
Biol Chem. 2002; 277(40):37037-44.

Kasbohm EA, Guo R, Yowell CW, Bagchi G, Kelly P, Arora P, Casey PJ, Daaka
Y. Androgen receptor activation by G(s) signaling in prostate cancer cells. J Biol
Chem. 2005; 280(12):11583-9.

Ueda H, Morishita R, Narumiya S, Kato K, Asano T. Galphag/11 signaling induces
apoptosis through two pathways involving reduction of Akt phosphorylation and
activation of RhoA in HeLa cells. Exp Cell Res. 2004; 298(1):207-17.



20 Benyi Li & J. Brantley Thrasher

88. Chikumi H, Vazquez-Prado J, Servitja JM, Miyazaki H, Gutkind JS. Potent
activation of RhoA by Galpha q and Gg-coupled receptors. J Biol Chem. 2002;
277(30):27130-4.

89. Yowell CW, Daaka Y. G protein-coupled receptors provide survival signals in
prostate cancer. Clin Prostate Cancer. 2002; 1(3):177-81.

90. Weber MJ, Gioeli D. Ras signaling in prostate cancer progression. J Cell Biochem.
2004; 91(1):13-25.

91. Lee DK, Chang C. Molecular communication between androgen receptor and
general transcription machinery. J Steroid Biochem Mol Biol. 2003; 84(1):41-9.

92. DePrimo SE, Diehn M, Nelson JB, Reiter RE, Matese J, Fero M, Tibshirani R,
Brown PO, Brooks JD. Transcriptional programs activated by exposure of human
prostate cancer cells to androgen. Genome Biol. 2002; 3(7):RESEARCH0032.

93. Nelson PS, Clegg N, Arnold H, Ferguson C, Bonham M, White J, Hood L, Lin B.
The program of androgen-responsive genes in neoplastic prostate epithelium. Proc
Natl Acad Sci U S A. 2002; 99(18):11890-5.

94. Mousses S, Wagner U, Chen Y, Kim JW, Bubendorf L, Bittner M, Pretlow T,
Elkahloun AG, Trepel JB, Kallioniemi OP. Failure of hormone therapy in prostate
cancer involves systematic restoration of androgen responsive genes and activation
of rapamycin sensitive signaling. Oncogene. 2001; 20(46):6718-23.

95. Eder IE, Haag P, Basik M, Mousses S, Bektic J, Bartsch G, Klocker H. Gene
expression changes following androgen receptor elimination in LNCaP prostate
cancer cells. Mol Carcinog. 2003; 37(4):181-91.

96. Hengartner, M. O. 2000. The biochemistry of apoptosis. Nature 407:770-776.

97. Danial, N. N., and S. J. Korsmeyer. 2004. Cell death: critical control points. Cell
116:205-219.

98. Kyprianou N, Isaacs JT. Activation of programmed cell death in the rat ventral
prostate after castration. Endocrinology. 1988; 122(2):552-62.

99. Debes JD, Tindall DJ. Mechanisms of androgen-refractory prostate cancer. N Engl
J Med. 2004; 351(15):1488-90.

100. Lee EC, Zhan P, Schallhom R, Packman K, Tenniswood M. Antiandrogen-induced
cell death in LNCaP human prostate cancer cells. Cell Death Differ. 2003;
10(7):761-71.

101.Buttyan R, Ghafar MA, Shabsigh A. The effects of androgen deprivation on the
prostate gland: cell death mediated by vascular regression. Curr Opin Urol. 2000;
10(5):415-20.

102. Lissbrant IF, Lissbrant E, Damber JE, Bergh A. Blood vessels are regulators of
growth, diagnostic markers and therapeutic targets in prostate cancer. Scand J Urol
Nephrol. 2001; 35(6):437-52.

103. Shabsigh A, Chang DT, Heitjan DF, Kiss A, Olsson CA, Puchner PJ, Buttyan R.
Rapid reduction in blood flow to the rat ventral prostate gland after castration:
preliminary evidence that androgens influence prostate size by regulating blood
flow to the prostate gland and prostatic endothelial cell survival. Prostate. 1998;
36(3):201-6.

104. Kuratsukuri K, Sugimura K, Harimoto K, Kawashima H, Kishimoto T. "Decoy" of
androgen-responsive element induces apoptosis in LNCaP cells. Prostate. 1999;
41(2):121-6.



AR-induced cell survival 21

105.Li P, Lee H, Guo S, Unterman TG, Jenster G, Bai W. AKT-independent protection
of prostate cancer cells from apoptosis mediated through complex formation
between the androgen receptor and FKHR. Mol Cell Biol. 2003; 23(1):104-18.

106. Schwartz GK. CDK inhibitors: cell cycle arrest versus apoptosis. Cell Cycle. 2002;
1(2):122-3.

107. Hartwell LH, Weinert TA. Checkpoints: controls that ensure the order of cell cycle
events. Science. 1989; 246:629-634.

108.Lu S, Tsai SY, Tsai M-J. Regulation of androgen-dependent prostatic cancer cell
growth: androgen regulation of CDK2, CDK4, and CKI p16 genes. Cancer Res.
1997; 57:4511-4516.

109. Gregory CW, Hamil KG, Kim D, Hall SH, Pretlow TG, Mohler JL, French FS.
Androgen receptor expression in androgen-independent prostate cancer is
associated with increased expression of androgen-regulated genes. Cancer Res.
1998; 58:5718-5724.

110.Lu S, Tsai SY, Tsai MJ. Molecular mechanisms of androgen-independent growth
of human prostate cancer LNCaP-Al cells. Endocrinology. 1999; 140(11):5054-9.

111.Lu S, Liu M, Epner DE, Tsai SY, Tsai MJ. Androgen regulation of the cyclin-
dependent kinase inhibitor p21 gene through an androgen response element in the
proximal promoter. Mol Endocrinol. 1999; 13(3):376-84.

112. Agus DB, Cordon-Cardo C, Fox W, Drobnjak M, Koff A, Golde DW, Scher HI.
Prostate cancer cell cycle regulators: response to androgen withdrawal and
development of androgen independence. J Natl Cancer Inst. 1999; 91(21):1869-76.

113.Harper, J., Adami, G., Wei, N., Keyamarsi, K., and Elledge, S. The p21 Cdk
interacting protein Cipl is a potent inhibitor of G1 cyclin-dependent kinases. Cell,
75:805-816, 1993.

114.Gotoh, A., Kao, C., Ko, S., Hamada, K., Liu, T., and Chung, L. Cytotoxic
effects of recombinant adenovirus p53 and cell cycle regulator genes (p21
WAF1/CIP1 and p16CDKN4) in human prostate cancers. J. Urol., 158: 636-641,
1997.

115. Kokontis, J. M., Hay, N., and Liao, S. Progression of LNCAP prostate tumor cells
during androgen deprivation: hormone-independent growth, repression of
proliferation by androgen, and role of p27Kipl in androgen-induced cell cycle
arrest. Mol. Endocrinol., 12: 941-953, 1998.

116. Baretton, G., Klenk, U., Diebold, J., Schmeller, N., and Lohrs, U. Proliferation-
and apoptosis-associated factors in advanced prostatic carcinomas before and after
androgen deprivation therapy: prognostic significance of p21l/WAF1/CIP1
expression. Br. J. Cancer., 80: 546-555, 1999.

117. Aaltomaa, S., Lipponen, P., Eskelinen, M., Ala-Opas, M., and Kosma, V.
Prognostic value and expression of p21 (wafl/cipl) protein in prostate cancer.
Prostate, 39:8-15, 1999.

118.0sman, I., Drobnjak, M., Fazzari, M., Ferrara, J., Scher, H., and Cordon-Cardo, C.
Inactivation of the p53 pathway in prostate cancer: impact on tumor progression.
Clin. Cancer Res., 5: 2082-2088, 1999.

119. Sarkar, F., Li, Y., Sakr, W., Grignon, D., Madan, S., Wood, D., Jr., and Adsay, V.
Relationship of p21(WAF1) expression with disease-free survival and biochemical
recurrence in prostate adenocarcinomas (PCa). Prostate, 40: 256-260, 1999.



22 Benyi Li & J. Brantley Thrasher

120.Byrne, R., Horne, C., Robinson, M., Autzen, P., Apakama, I., Bishop, R., Neal, D.,
and Hamdy, F. The expression of waf-1, p53 and bcl-2 in prostatic
adenocarcinoma. Br. J. Urol., 79: 190-195, 1997.

121.Myers, R., Oelschlager, D., Coan, P., Frost, A., Weiss, H., Manne, U., Pretlow, T,
and Grizzle, W. Changes in cyclin dependent kinase inhibitors p21 and p27 during
the castration induced regression of the CWR22 model of prostatic
adenocarcinoma. J. Urol., 161: 945-949, 1999.

122.Wang LG, Ossowski L, Ferrari AC. Overexpressed androgen receptor linked to
p21WAF1 silencing may be responsible for androgen independence and resistance
to apoptosis of a prostate cancer cell line. Cancer Res. 2001; 61(20):7544-51.

123.Wagner AJ, Kokontis JM, Hay N. Myc-mediated apoptosis requires wild-type p53
in a manner independent of cell cycle arrest and the ability of p53 to induce
p21wafl/cipl. Genes Dev. 1994; 8(23):2817-30.

124.Gorospe M, Cirielli C, Wang X, Seth P, Capogrossi MC, Holbrook NJ. Waf1/Cipl
protects against p53-mediated apoptosis of human melanoma cells. Oncogene
1997, 14:929-935.

125.Huang H, Muddiman DC, Tindall DJ. Androgens negatively regulate forkhead
transcription factor FKHR (FOXO1) through a proteolytic mechanism in prostate
cancer cells. J Biol Chem. 2004; 279(14):13866-77.

126.Medema RH, Kops GJ, Bos JL, Burgering BM. AFX-like Forkhead transcription
factors mediate cell-cycle regulation by Ras and PKB through p27kipl. Nature.
2000; 404:782-7.

127.Schmidt M, Fernandez de Mattos S, van der Horst A, Klompmaker R, Kops GJ,
Lam EW, Burgering BM, Medema RH. Cell cycle inhibition by FoxO forkhead
transcription factors involves downregulation of cyclin D. Mol Cell Biol. 2002;
22(22):7842-52.

128. Alvarez B, Martinez-A C, Burgering BM, Carrera AC. Forkhead transcription
factors contribute to execution of the mitotic programme in mammals. Nature.
2001; 413:744-7.

129.Tran H, Brunet A, Grenier JM, Datta SR, Fornace AJ Jr, DiStefano PS, Chiang
LW, Greenberg ME. DNA repair pathway stimulated by the forkhead transcription
factor FOXO3a through the Gadd45 protein. Science. 2002; 296(5567):530-4.

130.Brunet A, Bonni A, Zigmond MJ, Lin MZ, Juo P, Hu LS, Anderson MJ, Arden
KC, Blenis J, Greenberg ME. Akt promotes cell survival by phosphorylating and
inhibiting a Forkhead transcription factor. Cell. 1999; 96:857-68.

131.Tang ED, Nunez G, Barr FG, Guan KL. Negative regulation of the forkhead
transcription factor FKHR by Akt. J Biol Chem. 1999; 274:16741-6.

132. Dijkers PF, Medema RH, Lammers JW, Koenderman L, Coffer PJ. Expression of
the pro-apoptotic Bcl-2 family member Bim is regulated by the forkhead
transcription factor FKHR-L1. Curr Biol. 2000; 10:1201-4.

133. Stahl M, Dijkers PF, Kops GJ, Lens SM, Coffer PJ, Burgering BM, Medema RH.
The forkhead transcription factor FoxO regulates transcription of p27Kipl and
Bim in response to IL-2. J Immunol. 2002; 168:5024-31.

134.Gilley J, Coffer PJ, Ham J. FOXO transcription factors directly activate bim gene
expression and promote apoptosis in sympathetic neurons. J Cell Biol. 2003;
162:613-22.



AR-induced cell survival 23

135.Guo S, Rena G, Cichy S, He X, Cohen P, Unterman T. Phosphorylation of serine
256 by protein kinase B disrupts transactivation by FKHR and mediates effects of
insulin on insulin-like growth factor-binding protein-1 promoter activity through a
conserved insulin response sequence. J Biol Chem. 1999; 274:17184-92.

136.Puigserver P, Rhee J, Donovan J, Walkey CJ, Yoon JC, Oriente F, Kitamura Y,
Altomonte J, Dong H, Accili D, Spiegelman BM. Insulin-regulated hepatic
gluconeogenesis through FOXO1-PGC-lalpha interaction. Nature. 2003; 423:
550-5.

137.Nakamura N, Ramaswamy S, Vazquez F, Signoretti S, Loda M, Sellers WR.
Forkhead transcription factors are critical effectors of cell death and cell cycle
arrest downstream of PTEN. Mol Cell Biol. 2000; 20:8969-82.

138.Shah RB, Mehra R, Chinnaiyan AM, Shen R, Ghosh D, Zhou M, Macvicar GR,
Varambally S, Harwood J, Bismar TA, Kim R, Rubin MA, Pienta KJ. Androgen-
independent prostate cancer is a heterogeneous group of diseases: lessons from a
rapid autopsy program. Cancer Res. 2004; 64:9209-16.

139. Green DR, Kroemer G. The pathophysiology of mitochondrial cell death. Science.
2004; 305:626-9.

140.Berchem GJ, Bosseler M, Sugars LY, Voeller HJ, Zeitlin S, Gelmann EP.
Androgens induce resistance to bcl-2-mediated apoptosis in LNCaP prostate cancer
cells. Cancer Res. 1995; 55:735-8.

141. Lapointe J, Fournier A, Richard V, Labrie C. Androgens down-regulate bcl-2
proto-oncogene expression in ZR-75-1 human breast cancer cells. Endocrinology.
1999; 140:416-21.

142.Bruckheimer EM, Spurgers K, Weigel NL, Logothetis C, McDonnell TJ.
Regulation of Bcl-2 expression by dihydrotestosterone in hormone sensitive
LNCaP-FGC prostate cancer cells. J Urol. 2003; 169(4):1553-7.

143.Huang H, Zegarra-Moro OL, Benson D, Tindall DJ. Androgens repress Bcl-2
expression via activation of the retinoblastoma (RB) protein in prostate cancer
cells. Oncogene. 2004; 23:2161-76.

144.Catz SD, Johnson JL. BCL-2 in prostate cancer: a minireview. Apoptosis. 2003;
8:29-37.

145.Debatin KM, Krammer PH. Death receptors in chemotherapy and cancer.
Oncogene. 2004; 23(16):2950-66.

146. Peter ME. The flip side of FLIP. Biochem J. 2004; 382(Pt 2):e1-3.

147.Yeh, W. C., Itie, A, Elia, A. J., Ng, M., Shu, H. B., Wakeham, A., Mirtsos, C.,
Suzuki, N., Bonnard, M., Goeddel, D. V. and Mak, T. W. (2000) Requirement for
Casper (c-FLIP) in regulation of death receptor-induced apoptosis and embryonic
development. Immunity 2000; 12, 633-642.

148. Srivastava, R. K. TRAIL/Apo-2L: mechanisms and clinical applications in cancer.
Neoplasia, 2001; 3:535-546.

149.Liao X, Zhang L, Thrasher JB, Du J, Li B. Glycogen synthase kinase-3beta
suppression eliminates tumor necrosis factor-related apoptosis-inducing ligand
resistance in prostate cancer. Mol Cancer Ther. 2003; 2(11):1215-22.

150. Nastiuk KL, Kim JW, Mann M, Krolewski JJ. Androgen regulation of FLICE-like
inhibitory protein gene expression in the rat prostate. J Cell Physiol. 2003;
196(2):386-93.



24 Benyi Li & J. Brantley Thrasher

151.Gao S, Lee P, Wang H, Gerald W, Adler M, Zhang L, Wang YF, Wang Z. The
androgen receptor directly targets the c-FLIP gene to promote the androgen-
independent growth of prostate cancer cells. Mol Endocrinol. 2005; in press.

152.Zhang X, Jin TG, Yang H, DeWolf WC, Khosravi-Far R, Olumi AF. Persistent
c-FLIP(L) expression is necessary and sufficient to maintain resistance to tumor
necrosis factor-related apoptosis-inducing ligand-mediated apoptosis in prostate
cancer. Cancer Res. 2004; 64(19):7086-91.

153. Castoria G, Lombardi M, Barone MV, Bilancio A, Di Domenico M, De Falco A,
Varricchio L, Bottero D, Nanayakkara M, Migliaccio A, Auricchio F. Rapid
signalling pathway activation by androgens in epithelial and stromal cells.
Steroids. 2004; 69(8-9):517-22.

154. Baron S, Manin M, Beaudoin C, Leotoing L, Communal Y, Veyssiere G, Morel L.
Androgen receptor mediates non-genomic activation of phosphatidylinositol 3-OH
kinase in androgen-sensitive epithelial cells. J Biol Chem. 2004; 279(15):14579-86.

155.Sun M, Yang L, Feldman RI, Sun XM, Bhalla KN, Jove R, Nicosia SV, Cheng JQ.
Activation of phosphatidylinositol 3-kinase/Akt pathway by androgen through
interaction of p85alpha, androgen receptor, and Src. J Biol Chem. 2003;
278(44):42992-3000.

156. Kousteni S, Bellido T, Plotkin LI, O'Brien CA, Bodenner DL, Han L, Han K,
DiGregorio GB, Katzenellenbogen JA, Katzenellenbogen BS, Roberson PK,
Weinstein RS, Jilka RL, Manolagas SC. Nongenotropic, sex-nonspecific signaling
through the estrogen or androgen receptors: dissociation from transcriptional
activity. Cell. 2001; 104(5):719-30.

157. Migliaccio A, Castoria G, Di Domenico M, de Falco A, Bilancio A, Lombardi M,
Barone MV, Ametrano D, Zannini MS, Abbondanza C, Auricchio F. Steroid-
induced androgen receptor-oestradiol receptor beta-Src complex triggers prostate
cancer cell proliferation. EMBO J. 2000; 19(20):5406-17.

158. Downward J. Pl 3-kinase, Akt and cell survival. Semin Cell Dev Biol. 2004;
15:177-82.

159. Thompson JE, Thompson CB. Putting the rap on Akt. J Clin Oncol. 2004;
22(20):4217-26.

160. Kennedy SG, Wagner AJ, Conzen SD, Jordan J, Bellacosa A, Tsichlis PN, Hay N.
The PI 3-kinase/Akt signaling pathway delivers an anti-apoptotic signal. Genes
Dev. 1997; 11(6):701-13.

161. Kauffmann-Zeh A, Rodriguez-Viciana P, Ulrich E, Gilbert C, Coffer P, Downward
J, Evan G. Suppression of c-Myc-induced apoptosis by Ras signalling through
PI1(3)K and PKB. Nature. 1997; 385(6616):544-8.

162.Dudek H, Datta SR, Franke TF, Birnbaum MJ, Yao R, Cooper GM, Segal RA,
Kaplan DR, Greenberg ME. Regulation of neuronal survival by the serine-
threonine protein kinase Akt. Science. 1997; 275(5300):661-5.

163.Maehama T, Dixon JE. The tumor suppressor, PTEN/MMACL, dephosphorylates
the lipid second messenger, phosphatidylinositol 3,4,5-trisphosphate. J Biol Chem.
1998; 273(22):13375-8.

164.Li J, Yen C, Liaw D, Podsypanina K, Bose S, Wang Sl, Puc J, Miliaresis C,
Rodgers L, McCombie R, Bigner SH, Giovanella BC, Ittmann M, Tycko B,
Hibshoosh H, Wigler MH, Parsons R. PTEN, a putative protein tyrosine



AR-induced cell survival 25

phosphatase gene mutated in human brain, breast, and prostate cancer. Science.
1997; 275(5308):1943-7.

165. Steck PA, Pershouse MA, Jasser SA, Yung WK, Lin H, Ligon AH, Langford LA,
Baumgard ML, Hattier T, Davis T, Frye C, Hu R, Swedlund B, Teng DH,
Tavtigian SV. Identification of a candidate tumour suppressor gene, MMAC1, at
chromosome 10¢23.3 that is mutated in multiple advanced cancers. Nat Genet.
1997; 15(4):356-62.

166.Sansal I, Sellers WR. The biology and clinical relevance of the PTEN tumor
suppressor pathway. J Clin Oncol. 2004; 22(14):2954-63.

167.Lin J, Adam RM, Santiestevan E, Freeman MR. The phosphatidylinositol 3'-kinase
pathway is a dominant growth factor-activated cell survival pathway in LNCaP
human prostate carcinoma cells. Cancer Res. 1999; 59(12):2891-7.

168. Carson JP, Kulik G, Weber MJ. Antiapoptotic signaling in LNCaP prostate cancer
cells: a survival signaling pathway independent of phosphatidylinositol 3'-kinase
and Akt/protein kinase B. Cancer Res. 1999; 59(7):1449-53.

169. Graff JR, Konicek BW, McNulty AM, Wang Z, Houck K, Allen S, Paul JD, Hbaiu
A, Goode RG, Sandusky GE, Vessella RL, Neubauer BL. Increased AKT activity
contributes to prostate cancer progression by dramatically accelerating prostate
tumor growth and diminishing p27Kipl expression. J Biol Chem. 2000;
275(32):24500-5.

170.Kimura K, Markowski M, Bowen C, Gelmann EP. Androgen blocks apoptosis of
hormone-dependent prostate cancer cells. Cancer Res. 2001; 61(14):5611-8.

171. Murillo H, Huang H, Schmidt LJ, Smith DI, Tindall DJ. Role of PI3K signaling in
survival and progression of LNCaP prostate cancer cells to the androgen refractory
state. Endocrinology. 2001; 142(11):4795-805.

172.Yang CC, Lin HP, Chen CS, Yang YT, Tseng PH, Rangnekar VM, Chen CS.
Bcl-xL mediates a survival mechanism independent of the phosphoinositide
3-kinase/Akt pathway in prostate cancer cells. J Biol Chem. 2003; 278(28):25872-8.

173. Miyamoto H, Messing EM, Chang C. Androgen deprivation therapy for prostate
cancer: current status and future prospects. Prostate. 2004; 61(4):332-53.

174.Ko YJ, Balk SP. Targeting steroid hormone receptor pathways in the treatment of
hormone dependent cancers. Curr Pharm Biotechnol. 2004; 5(5):459-70.

175.Eder IE, Culig Z, Ramoner R, Thurnher M, Putz T, Nessler-Menardi C,
Tiefenthaler M, Bartsch G, Klocker H. Inhibition of LncaP prostate cancer cells by
means of androgen receptor antisense oligonucleotides. Cancer Gene Ther. 2000;
7(7):997-1007.

176. Eder IE, Hoffmann J, Rogatsch H, Schafer G, Zopf D, Bartsch G, Klocker H.
Inhibition of LNCaP prostate tumor growth in vivo by an antisense oligonucleotide
directed against the human androgen receptor. Cancer Gene Ther. 2002; 9(2):117-25.

177.Wright ME, Tsai MJ, Aebersold R. Androgen receptor represses the
neuroendocrine transdifferentiation process in prostate cancer cells. Mol
Endocrinol. 2003; 17(9):1726-37.



Oasis, The Online Abstract Submission System Page 1 of 2

- m,

& Print this Page for Your Records Close Window

Control/Tracking Number: 06-AB-96534-AUA
Activity: Paper Submission
Current Date/Time: 10/17/2005 6:11:57 PM

Gal2 is required for Androgen Receptor transactivation in prostate cancer

Author Block: Hyewon Youn*, J. Brantley Thrasher, Knasas City, KS; Benyi Li, Kansas, KS

Introduction and Objective: The Androgen Receptor (AR) is a ligand-dependent transcription factor that
plays a critical role in the development and progression of prostate cancer by regulating target genes
involved in cellular proliferation and survival. In attempt to dissect the mechanisms involved in
androgen-induced AR transactivation, our group demonstrated the involvement of two major signaling
molecules, phosphoinositide 3-OH kinase (PI3K) and glycogen synthesis kinase-3 (GSK-3p). Also, a
possible involvement of guanine nucleotide-binding proteins (G-protein) or their relative members in
AR activation has emerged recently. To identify novel components that participate in the AR
transactivation, we tested if Ga proteins or its related members are involved in AR activation. Methods:
Two prostate cancer cell lines, LNCaP and LAPC-4, were used in this study. Two androgen responsive
gene reporter constructs, ARE-LUC and Probasin-SEAP, were utilized to access the signaling pathways
involved in AR transactivation. To determine the involvement of Ga-proteins on the AR transactivation,
we used a targeted expression of constitutively activated forms of Ga proteins and a knock-down
expression of Ga proteins using small interference RNA (siRNA). Transient transfection of Green
fluorescent protein (GFP) conjugated AR was performed to investigate nuclear translocation of AR after
activation. Results: Over expressing constant active mutants of Ga proteins such as Gal2, Gas, Gai and
Goq showed different effect on the basal level or androgen (R1881)-induced reporter activities.
Consistent with a recent report, only active Gas but not others enhanced the basal reporter activity.
Active Gaq overexpression resulted in a significant inhibition of androgen-induced reporter activities,
but Ga12 and Gai enhanced androgen-induced reporter activities. In the knockdown experiments using a
siRNA approach, we found that knockingdown Ga12 and Gas reduced androgen-induced reporter
activities, but Gaq and Gai did not showed a dramatic effect. In the AR nuclear translocation
experiments, we found that knocking down Gal2 suppressed AR nuclear translocation after androgen
treatment. Finally, we demonstrated that Ga12 silencing impaired androgen-induced activation of PI3K
and GSK-3f, which were required for AR activation. Conclusions: Taken together, our findings clearly
demonstrated that Ga12 is required for androgen-induced AR transactivation in prostate cancer cells,
which provides a novel target for better management of prostate cancer.
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[2005] [390] ANDROGEN RECEPTOR-MEDIATED REGULATION OF BCL-X. EXPRESSION:
IMPLICATION IN CELLULAR SURVIVAL OF PROSTATE CANCERS

Benyi Li*, Xinbo Liao, J Brantley Thrasher, Kansas City, KS.

INTRODUCTION AND OBJECTIVE: Recently, the androgen receptor (AR) has been demonstrated to play a
critical role in the development and progression of prostate cancer. However, the precise pathway for AR-
mediated survival is unclear. We sought to identify Bcl-x., an anti-apoptotic member of Bcl-2 family, as one
of the downstream effectors responsible for AR-mediated survival in prostate cancer cells.

METHODS: We first demonstrated that expression of the bcl-x gene is upregulated upon androgen
treatment in prostate cancer cells and the AR is bond to the promoter region of the bcl-x gene. This
suggests that the AR is involved in the transcriptional regulation of the gene. We then knocked down the AR
protein level by using a small interfering RNA approach.

RESULTS: Reduction in AR protein level resulted in a profound decrease of Bcl-x. transcript and protein
levels. In parallel, a significant apoptotic cell death occurred after AR silencing, as evidenced by an
increased Annexin V binding, reduced mitochondrial potential, enhanced caspase-3/6 activation, and
cleavage of DFF45 and PARP proteins. The apoptotic response was only found in those siRNA-transfected
cells that harbor a native AR gene, but not in the AR-null prostate cancer cell PC-3 or its subline that has
been reconstituted with an exogenous AR gene. Most interestingly, ectopic enforced expression of Bel-x.
protein partially inhibited apoptosis resulted from AR silencing, while reducing Bcl-xL expression significantly
enhanced AR siRNA-triggered apoptosis in prostate cancer cells.

CONCLUSIONS: Our data demonstrated that Bcl-x_ is involved in AR-mediated survival pathway in prostate
cancer cells that may play an essential role in prostate cancer progression.
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